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COLD HEADING 


Money cannot buy a finer cold 
heading wire than that now sup- 
plied by Republic to manufacturers 
of bolts, rivets, screws, spokes and 
similar products. 

Uniformity is the keynote of 
Republic quality — uniformity of 
temper, of grain structure, of gauge. 
It is assured by direct supervision 
and control over every step in the 
manufacturing operation and makes 
possible quantity production of 
cold headed products with mini- 
mum loss. 

Republic Cold Heading Wire is 
made in sizes *4¢ to %4-inch diame- 
ter, in all carbon and alloy speci- 
fications, bright, extra bright and 
coated finishes. Annealed or nor- 
malized wire can be furnished on 
request. Furnished in coils of 200 
to 225 pounds or in smaller weight 
coils if desired. 

Write the nearest Republic Sales 
Office for quotations, outlining 
your requirements. 

REPUBLIC STEEL CORPORATION | 


GENERAL OFFICES % \ YOUNGSTOWN, OHIC 
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4TIMKEN 
NICKEL 


MOLY 


Steel fabricating costs are “on the carpet” these days. They will be kept 
under even stricter scrutiny as time goes on. 


Therefore, it behooves every metallurgist and engineer concerned with 
steel selection to make sure that his material will meet every require- 
ment of tomorrow’s production necessities. 


You can’t go wrong in choosing Timken Nickel-Moly Steel. This splen- 
did modern steel, produced under a system of quality control of un- 
equalled thoroughness and rigidity, offers you every quality necessary 
for economical production and dependable service. 


Uniform chemical properties; uniformly controlled grain size; excellent 
machinability; satisfactory response to simple carburizing and heat 
treating methods; minimum distortion; high core ductility. You need 
all of these qualities. You will get them all in Timken Nickel-Moly Steel. 


Whatever the nature of your product, it will pay you to consider the 
possibilities and advantages of Timken Nickel-Moly. Timken metal- 
lurgists will gladly work with you. 


THE TIMKEN STEEL AND TUBE COMPANY, CANTON, OHIO 
Detroit Chicago New York Los Angeles Boston Philadelphia Houston 


METAL PROGRES 


about 


particularly, the R & H Cyanides 


The R & H Cyanides are designed to meet the steel treater’s requirements. 
All are quality products. We guarantee the strength. All have an identify- 
ing label clearly stating the Sodium Cyanide content — your guarantee that 
you are getting what you pay for. All are free from detrimental impurities. 
We guarantee dependable uniformity, each shipment. All are reasonably 


priced. 


R & H CYANEGG*%*, the purest commercial grade available, contains 96-98°; 


Sodium Cyanide. This grade is intended primarily for those who prefer to 


mix their own bath. Mixtures already prepared are: Cyanide Chloride Mix- 
ture, 75% Sodium Cyanide; Cyanide Chloride Mixture, 45% Sodium Cyanide; 


R & H Case Hardener, 30% Sodium Cyanide. 


More information on these R & H Cyanides, literature, prices, etc., can be 
obtained from our nearest District Sales Office. Immediate shipments can 


be made from stocks carried in principal cities. The services of our tech- 


nical laboratories are available for assistance in the appli- 


cation of the R & H Cyanides. Kf 
CYANIDES 
CYANEGG 
Sodium Cyanide, 96 98° 
CYANIDE CHLORIDE 


There is economy in using these R & H Cy- 


anides of guaranteed strength. They make MIXTURE 
possible the accurate and definite prepara- CYANIDE CHLORIDE 
MIXTURE 
tion and control of the steel treating bath. an Sodium Cyanide. 45% 
R&H CASE HARDENER 
added assurance of uniformly treated work. Sodium Cyanide. 30° 


KE. I. DU PONT DE NEMOURS & €O.. INC. 


The R. & H. Chemicals Department, Wilmington, Del. 


District Sales Offices: Baltimore, Md., Boston, Mass., Charlotte, \. ©., Chicago, HL, Cleveland, 
Ohio, Newark, VN. New Orleans, La., New York, \. Y., Philadelphia, Pa... San Franciseo, Calif, 
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Bolts, Bolts, Bolts 


MATERIALS FOR COLD HEADING 


structure more important than composition 


By H.B 


Metallurgist 


Ferry (¢ ap & Set Screw Co. 


Cleveland 


iin chief methods of manu- 


facture are used to supply the needs of our great 


The 


regated in the bolt industry, for many factors 


methods are not very sharply seg- 


bolt industry: (1) Serew machine processing, influence the tvpe of manufacture. There are 


(2) hot upsetting, and (3) cold upsetting. Each certain fields where each method is supreme, 


even all 


has its advantages and deficiencies. 


Screw machine manufacture wastes a large 


fraction 


of the stock, but 


‘asily maintains a 


perfect axial symmetry if the product is not 


heat treated. 


Hot 


headers 


‘asily upset large 


but other large fields where two or 
three methods compete to supply the industrial 
requirements, 

Present established capacity of the cold 


heading branch of the industry is probably cap- 


sizes, but do not give the bright and planished able of producing some five billion pieces 


surfaces of the other methods. Cold headers annually, which would require around 300,000 


tons of material in wire form. Wire sizes range 


from 0.160 in. to * 


conserve material, but demand stock that is 


superior in soundness and plasticity. ; in. diameter, as a rule. 


PROPERTIES OF TYP/CAL COLD-HEADING MATERIAL 
[Pieces Streightened from Wire Coils / 


| | | Tensile Properties 
Materia! | Congition | Brinell | | Elongstion |p. | 
| Cost MEraness yeig Point |  } Fracture 
| | Strength 2in ‘Ares oag * 
4 + + + + 
0.10%C. Stee! | 1 | Bright Drawn | 126 | 55,000 70,000 | 18% | 5% 62% 120,000 
0.538%C.Stee/ | 1.2 | Bright Drawn 160 42,0 76,000 56 1G 60 45,000 
SAE 3115 | 21 | Bright Drewn| 170 | 75,000 | 66,000 | 16 | § 90,000 
SAE | 24 | Bright Drawn | 180 74,000 | 90,000} 23 | 7 64 | 165,000 
SAE 2330 | 28 | Annesled 150 50,000 | 83,000 36 20 62 162,000 
Brass 6 | Anesled | 70 | 20,000 | 48,00 65 52 60 95,00 
fverdur 7 | Bright Drawn | 179 | 57,000 100,000 16 6 63 180,00 
Ouronze 9 | Bright Drawa| 150 | 44,000 | 100,000 | 11 3 55 | 175,00 
Mone! 21 | Annesled | 116 | 27,000 | 76,000 | 62 | 4 74 | 185,000 
| 


* /oed required to break, divided by area of necked-in test piece 
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The photomicrographs that are given may 
be taken as typical of the nine materials listed 
in the table in their normal condition for cold 
heading. Smoothed and etched longitudinal 
sections of wire |. diameter, more or less, 


have been photographed at 500) diameters 


0.390-In. Annealed Brass Wire at 500 Diameters 


It is the character of this heading material 
that is now to be reviewed briefly. 

A large number of pure metals and alloys 
can doubtless be easily cold headed, but the re- 
quirements of high strength and low cost limit 
the commercial materials to the alpha’ solid 
solutions of iron, copper, and nickel. Further- 
more, only a rather limited number of even 
such alloys enjoy suflicient favor to be stocked, 


or to be available commercially. 
Structure Most Important 


From a fabricator’s viewpoint, the chemical 
analysis may vary within wide limits provided 
the plastic properties of the wire for heading 
are maintained and the finished articles can 
meet the requirements of consumers. — It is, of 
course, convenient and practical to adhere to 
the customary specifications for any given alloy, 
but in a certain sense the microscopic structure, 
rather than the chemical composition, de- 


termines the heading properties. 
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DrawnEverdur(C opper-Silicon-Manganese Alloy) 


magnification so as to reveal their structural 
characteristics as clearly as possible. The car- 
bon steels shown on pages 16 and 17 were etched 
with dilute picric acid in methanol, a method 
which is able to bring out the ferrite grain 
boundaries and the structure of the pearlite 
simultaneously in an unusually striking manner. 
Brass and Monel representative of good cold 
heading material are shown in their annealed 
condition; the wires were etched with concen- 
trated HNO). plus CrO.. 


were etched with concentrated nitric acid in 


Everdur and Duronze 


acetone. 
The first five materials listed in the table, 
page 13, are steels. Structurally, as seen in the 


micros on pages 16 and 17, they are alpha ferrite 
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and pearlite, ranging from large grains of 
ferrite with isolated patches of pearlite in the 
low carbon steel S.A.E. 1010 to a structure in 
S.A.E. 3135 where the relative volume of the 
two phases is reversed. The pearlite of the fifth 
material, S.A.E. 2330, merges into spheroidized 
cementite. 

The cementite in pearlite does not appear 
to detract from heading quality provided the 
material has a low enough Brinell hardness and 
is sufficiently plastic, a matter which is related 
to the figures under “reduction of area” in the 
table. Even further, the cementite in a fully 
spheroidized material of these lower carbon 
ranges does not appear to interfere’ with 


heading. 


Drawn Duronze (Copper-Tin-Silicon Bronze 


American ingot iron heads easily but has 
less strength than the low carbon steels. 

The steels for cold heading may thus range 
from wholly ferritic to wholly pearlitic, or even 
spheroidized cementite in alpha ferrite. Mate- 
rials containing slag, like wrought iron, or 


sulphides or selenides, like material for screw 
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machine cutting, are distinctly unsuitable for 
cold headed products. They are subject to 
bursts at the bulge of the upset. 

The four non-ferrous alloys listed are clean 
alpha solid solutions of copper or nickel. The 
brass will naturally contain as much zine as is 
convenient without forming any or much beta 
component. Monel has 28° copper in 68% 
nickel. Everdur is at the other extreme; 96% 
copper hardened with 3% silicon and 1‘> man- 
ganese. Duronze is essentially 2% tin and 1% 
silicon dissolved in copper. <A brass that is 
leaded or contains coarse particles of beta con- 
stituent will shear obliquely in the heading 


operation. 
Physical Properties 


The table at the head of the article has been 
compiled to give the relative costs of the above 
typical raw materials as well as suitable tensile 
properties and hardness in the heading wire. 


The materials may be either bright drawn or 


Annealed Monel Metal Wire, Etched With Con- 


centrated Nitric Acid and Chromium Trioxide 


; ‘ 0 10 % Carbon Stee/ 


0.38 % Carbon Stee! 


annealed after drawing, but, if cold drawn, the 
reduction since the last anneal should not ex- 
haust all of the plasticity. Duronze seems to be 
able to withstand the greatest reduction without 
losing plasticity and Everdur comes next in this 
respect; if the brass or Monel metal rods are 
much stiffened by wire drawing they tend to 
shear obliquely on cold heading. 

Figures for vield point and tensile strength 
of the raw material, as given in the table. will 
be increased from twenty to a hundred per cent 
in the finished products by rolling the threads or 
by heat treatments. A rough measure of this 
eventual strength may be had from the last 
column in the table, marked “Fracture Load.” 
(Incidentally, the figures for the vield point will 
be raised relatively more than those for the 
tensile strength; elongation and reduction of 
area will be sharply decreased in the final 
products, for these figures are near” their 
maxima in the heading wire.) 

The ordinary low carbon steel listed in the 
table and shown in the photomicrograph is 
typical of the materials that make suitable bolt 


and nut products without heat treatments; this 
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can be used for surface hardened parts. Some- 
times the average size of the ferrite grain is con- 
siderably larger. Plain steel with 0.38) carbon 
is typical of those simple steels containing 
enough carbon to be greatly improved by heat 
treatment. S.A.E. 3115 represents a series of low 
alloy steels which make superior surface hard- 
S.A.E. 3135 is shown in the 


normalized condition, that is, largely pearlitic. 


ened products. 


A print is also given of S.A.E. 2330 in the partly 
spheroidized condition. The last two materials 
make parts that have high strength and tough- 
ness In the heat treated condition. 

Steels for cold heading, in either the simple 
carbon or the alloy steels, may have up to 0.65", 
of carbon and the usual alloying amounts of 
chromium, nickel, manganese, molybdenum, 
vanadium, or silicon without interfering too 
much with the manufacturing routine, provided 
that alpha ferrite is preserved in the micro- 
structure and the material is not too hard for 
the dies. Thus the 14 to 18 chrome-ferrites 
(“stainless irons”) are easily headed, but the 
austenitic 18-chrome, 8-nickel is not so easily 


headed without oblique shearing. 
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Wire Surface and Coating 


Serious defects in the wire may come from 
the ingot, the rolling mill, or the wire drawing 
bench, 

Pipe residues and slag inclusions are prone 
to cause cracking in products that have to be 
heat treated. Seams from rolled-in fins or from 
deep scratches, caused by either rolling mill 
suides or die obstructions, are responsible for 
“bursts” at the heading operation. — Excessive 
hardness in the finished wire causes oblique 
shearing on upsetting. 

It will appear plausible to assume that the 
softer the wire the less will inherent defects 
ake their presence known on the finished bolt. 
On the other hand, the harder the wire the 
sounder it must be to withstand upsetting suc- 

ssfully. However, a certain stiffness is desired 

soft wire so that it will properly fill the re- 
sses of the die and not deform during ejection. 
Brinell hardness of from 116 to 196 covers 
out as wide a range as conforms to econom- 
il practice. 


lhe surface of the wire is very important. 
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The bolt manufacturer finds an unsuitable 
surface, or a defective coating, as serious as any 
internal defect in the wire. The best wire 
should be smooth, round, and free from pits and 
scratches. It should be as little decarburized as 
possible. Bare, bright drawn wire is prone to 
seize in the heading dies, so the wire must be 
coated or surfaced to hold a lubricant. 

A variety of coatings have been used on 
stecl wire in recent vears. There have been 
vrease coatings, soap coatings, and the rust and 
lime mixtures known to wire drawers as sull- 
coat. The latest to appear are “lacquers” 
or glossy coatings that contain an organic 
compound, 

Solid 


during cold heading better than oils or greases 


lubricants unquestionably — persist 

but only when applied to, or drawn into, a 
pickled or matte surface. A coating made by 
dipping pickled wire in a lime wash and then 
baking is an old and reliable lubricant. High 
chromium steels of the stainless variety, as well 
as the 18-8 chromium-nickel steel, appear to 
need copper plating, in addition to the usual 


lubricants at the header. 
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TESTS ON THREADED SECTIONS 


show exact strengthening effect of threads 


By E. M. Slaughter 
National Acme Co. 


Cleveland 


F.., many years, both the users 


and manufacturers of bolts, machine screws, 
and other parts having threaded sections have 
been confronted with the problem of determin- 
ing true tensile strength in the threaded section. 
Many different methods of calculation and 
formulas have been suggested, and as many dif- 
ferent results obtained, with no general agree- 
ment. Yet it seemed that a simple method for 
calculation is very desirable, and consequently 
a series of tensile tests was made at National 
Acme Co. to get the necessary evidence to 
arrive at proper conclusions and results. 

Of the several methods now in common use 
for estimating tensile strength, one calculates 
the net area from the root diameter as taken 
from the National Screw Thread Commission 
table, the second uses a mean area calculated 
from the average of the root and the pitch diam- 
eters, and the third uses the pitch area, cal- 
culated from the pitch diameter, also taken 
from the table. 

The present test’ procedure was to pull 


some cap serews inh an appropriate fixture, not- 
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ing the load at which the screw broke, and then 
figure this back to ultimate stress in pounds per 
square inch, using for area each of the three 
diameters just noted. The relative correctness 
was then determined by comparing these thre 
calculated results to the true tensile strength ot 
the bar, as determined by pulling machined test 
pieces of identical composition and treatment. 


Untreated Carbon Steel 


In the first series of tests, which were con 
ducted on plain carbon steel of approximate!) 
S.A.E. 1035 analysis, each set of screws was 
made from a single bar of the material approx 
imately 3 ft. in length. For example, all 44-1n 
screws, both coarse and fine thread, were manu 
factured from the same bar of steel. This, o 
course, should insure identical chemical com 
position. In addition, six tension test pieces 
were machined from the same bar, by turnin 
down the body to a diameter just below th 
root of the thread. 

Further, in order to have minimum vari: 
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on due to any discrepancies in the cold draw- 
ig of the material, all pieces were given a low 
emperature anneal of 1150° F. Several screws 
were made and tested on each size of material, 
both in the coarse and fine thread series. In 
each case an average of results obtained was 
listed in the table herewith. 

As noted, the first series was made of plain 
carbon steel having about 0.35°% C. 
in strength of the original bars in the different 


Variations 


sizes (shown in the last column) are due to 
minor variations in chemical composition, his- 
tory, and quality of the individual bars used. 
Test results on pieces made from each showed 
very good agreement among themselves. 

In a second series of tests, bolts were made 
of heat treated S.A.E. 2330, 3130, and 3135 steels. 
All of these steels are in common use at the 


these discrepancies are less for the fine threads 
and the size of the bolt also has an influence.) 

If the discrepancies are figured as a per- 
centage of the actual strength of the original 
bar, it will be seen that the value figured on the 
root diameter is anywhere from 5 to 16% too 
large, whereas the value figured on the pitch 
diameter is anywhere from 3 to 16° too small. 
Values figured on the mean diameter are 
generally slightly too small (the deficiency goes 
up to 3.8°), whereas five of the 22 values are 
slightly too large. 

It is therefore obvious that the mean diam- 
eter is closer to the actual diameter of an 
equivalent bar in tension than either of the 
other two diameters considered. 

A further effort was made to determine the 


actual diameter or area in tension of a smooth 


TENSION TESTS ON CAP SCREWS ; FIGURED ON THREE AREAS 


Rockwell Coerse Thread | Fine Thread | Origr ine/ 

Root Mean Pitch | Root Mean Pitch 

Ya in.\| GAESOFI5 32,040 69,620 59,650 | 78,9390 590 63,790 70,6 

in Do 87,540 76,650 66,200 82,150 74,500 57,4! 

Ya in Do 69,650 76,640 | 460 87,810 67,090 7690 

6 in Do 97,820 66,050 | 76,170 93,270 65,81 "9,14 986,820 

V2 in Do 101,100 | 89,580 | 79,890 | 98,130 91,310 84 9,270 

%6 in Do 87,050 | 77,630 | 69530 | 84,920 79,010 75,71 50,34 

in. Do 90,480 61,340 | 72930 64,010 54, 82,820 
Heat Jreated Alloy Stee/ Screws and Jest Pieces 

in. | GAE.25F0 | C-28 160,600 141,100 124,700 154,771 42,90. 131,700 146,520 

V2 in. SALE.2330 C-29 156,130 | 138,400 | 123.430 | 160,970 | 149,800 | 139,53 145,730 

Ya in. GAE | C-32 | 169,060 | 148,300 | 131,060 | 161,000 | 148,660 | 137,000 | 151,06 

%6in.| SAEISIS5 | C-3d | 187,660 | 167,500 | 150,100 | 175,660 | 163,500 | 152,500 | 161,80 


present time for the manufacture of studs, bolts, 
and similar parts which have threaded sections. 
All tests shown in the second section of the table 
were processed under ideal conditions, pro- 
duced with automatic control in the heating, 
quenching, and tempering operations. Every 
effort was made to insure uniform conditions 
and structure in each part. Success in this re- 
spect was evidenced by the uniform hardness 
ind tensile strengths developed by the indi- 
idual test pieces. Rockwell hardness, piece to 
rece, never varied more than one point. 

It is apparent, from inspection of the table, 
iat the strength computed on the area at the 
ot of the thread gives a fictitiously high value, 
ind if the strength is computed on the pitch 


rea it gives a fictitiously low value. (Naturally 
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bar which is equivalent in strength to a given 

threaded piece. One of four series of such tests 

will be described in detail: 
A 16-in. bar of S.A.E. 


into ten pieces and threaded with a standard 


3130 steel was cut 


fine thread on one end. Two of these were 


turned above the threaded end to the mean 
diameter, 0.508 in., of a 9 16-in. standard fine 
thread. Two were turned to the root diameter, 
0.4190 in. 


0.510. All these were then quenched from 1525 


Two were turned to 0.500 and two to 


F. in oil and drawn at 950° F. 

Tested in tension, the first and fourth pair 
broke in the thread at loads of 28,610, 28,700, 
28,770, and 28,810 lb. respectively, or an average 
of 28.740 Ib. to break the threaded section. The 


ones turned to 0.490 and 0.500 in. broke in the 
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reduced section; the average tensile strength of 
the material figured to 114.500 Ib. per sq.in. 
From these data it is easily calculated that if the 
unthreaded section be reduced to in. 
diameter it would have a strength equal to the 
threaded ends. 
Three other series of tests on coarse and 
line threads of other sizes gave similar results 
namely, that a bar reduced to the mean 
diameter will break in the threads, and that test 
pieces whose central portion was further re- 
duced a few thousandths to a diameter where 
its strength was theoretically equal to” the 
strength of the threaded ends, would break 


cither in the threads or in the center. 
Strengthening Effect of Threads 


We know that there is an increase in the 
load required to break the threaded section, as 
compared with the section reduced to the root 
diameter. This is due to the so-called strength- 
ening effect of the thread; in our opinion this is 
caused both by the increased amount of metal 
in the thread above its root, and the thread 


form itself. 


It has been suggested that the strengthen- 
ing effect of the thread be included as a factor 
to be added to determinations based on root 
diameter. It is our opinion that such an 
assumption cannot be accepted, and further, 
that the strengthening effect of the thread in- 
creases the tensile strength of a threaded part 
equivalent to a diameter that is between the 
root and pitch diameters. Our tests show that 
the mean diameter is the most accurate method 
vet proposed, and affords a simple method of 
calculating strength of threaded sections with- 
out the use of complicated formulas. 

In conclusion, the following statement may 
be made: 

“The results obtained from calculations 
based on the root diameter are high, results ob- 
tained from calculations based on the pitch 
diameter are low, as compared with the actual 
tensile strength of the material determined from 
a machined section. In most cases, results ob- 
tained from a calculation based on the mean 
diameter are slightly low, vet such results are 
not too low to be considered as presenting a 
slight safety factor in the designing and engi 


neering calculations. 


At Top and Bottom of This Page Are the Respective Standards Selected by Mr. Crampton, 
as Described in the Next Article, to Appraise Cold Heading Qualities of Brass Wire, First, 
as to a Reasonable Amount of Cold Work, and Second, as to its Re-Heading A bility 
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HEADING PROPERTIES OF BRASS WIRE F 


as it varies with composition and temper 


By D. 4 Crampton 


Director of Research 
Chase Brass & Copper Co 
Waterbury, Conn. 


= is a vast amount of cop- 


per alloy wire used annually for rivets, screws, 
and bolts of various types. The alloy in greatest 
demand is ordinary high brass containing about 
Ho, of copper, low lead, and the balance zinc. 
A series of experiments was carried out under 
the author’s direction to find the effect of varia- 
tions of alloy from this general type, and the 
influence of initial temper on the ease of head- 
ing and the quality of the product. 

In all, sixteen different alloys were used. 
The analyses of these are shown in the table on 
page 23. It will be noted that the first nine 
alloys form a series with very low lead and iron 
contents, and with copper varying from about 
to 100%. 


fairly constant copper between 66% and 67%, 


Five others form a series with 


but with lead varying from 0.01% to 0.52°7. The 
last three in the table, with the third, form a 
series with the same constant copper content, 
low lead, and iron varying from 0.02% to 0.27% 

These alloys were fabricated in the mill in 
the usual manner of production. They were 
melted in an Ajax-Wyatt induction furnace; 
eight rods of each alloy were cast in 2-in, round 
rods. After suitable scalping of the surface they 


were cold rolled in grooved rolls, with the 
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proper passes and intermediate anneals, down 
to about *, in. round. They were then drawn 
cold in the usual manner to 0.410 in. diameter. 
At this point six coils of each alloy were 
taken for actual testing. They were so drawn 
and annealed as to be finished on 0.206 in. diam- 
eter with the tempers shown in the large table. 
It will be noted that tempers A, B, and C form a 
series with 6 final area reduction after varying 
anneals — light, intermediate, and soft.  Fur- 
thermore, tempers D, B, E, and F (in the order 
named) form a series with constant previous 


anneal and varying final reduction, up to 20%. 


Buckle * 
par 
Shee 
7 Fold 2 
4 
0206" 
Center Blank Finished Blank 


Center Blank and Finished Blank Used to Ap- 
praise Intermediate Heading Ability; Final 
Shape After Re-Heading Shown at Right 
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Finished coils of wire were sampled from 
both ends and various physical tests made. 
Tensile test results are listed in the table; values 
are the averages obtained from both ends of the 
coils. They show a wide range of tensile 
strengths from about 33,000 to 77,000 lb. per 
sq. in. (33.0 to 77.0 kips) — a much wider range 
than is ordinarily encountered in commercial 
use for cold heading. It should be borne in 
mind that all anneals were made on full sized 
coils and normal loads in mill furnaces. Con- 
trol of properties was not, therefore, as close 
as could be obtained in laboratory practice. 

Wires were tested for heading properties by 
upsetting heads in an ordinary double blow, 
closed die header. Initially, about half of each 
coil was used in making a head as shown in the 
center of the sketch at the head of this article. 
This is the usual shape of head made as an in- 
termediate step where the finished rivet or bolt 
requires too great displacement of metal for a 
single operation. 

The heads so made were rated on four dif- 
ferent qualities, the basis for each of these 
ratings being more or less empirical. The 
qualities considered were buckles, folds, shear- 
ing, and surface roughness. 

Buckles are due to the compression and 
consequent bending of the wire as a column. 
The wire does not uniformly compress with re- 
sultant increase in diameter, but first tends to 
bend until restricted by the die, and then fills 
out. This causes a depression, usually about 
half way up the head, which runs part way 
around, It may vary in intensity from a slight 
roughness to a distinct overlap. 

Folds come at or near the bottom of the 
head and are often nearly, if not all, the way 
around, They result from the change in shape 
at this point caused by the second blow. The 
metal just above the bottom of the head tends 
to lap over the edge formed by the first die (or 
center blank). 

Shearing is an actual failure of the metal 
due to overwork. The cracks are typical 45 
cracks resulting from compression, 

Surface roughness is due to slip within the 
surface crystals. The larger the crystals the 
greater is the roughness. This roughness is 
altered to some extent by contact with the die 


surface, particularly if the article is of such 


5 
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shape as to get much planishing during the 
forming and ejection. 

In order to assist in making these ratings, a 
set of standards was first selected for each of 
these four qualities. Each set consisted of four 
pieces; a perfect head (with respect to the 
particular quality) was rated as 100% and the 
worst 0%. Rivets made from coil were com- 
pared to the standards and rated either 0, 25, 50, 
75, or 100%. With these empirical standards it 
was felt that a closer rating was not warranted. 
The halftones on page 20 show the standards 
used in rating. 

Results of the quality ratings are given in 
the top portion of the large table opposite. The 
mean of the four individual quality ratings is 
also figured to the nearest unit. It should be 
remembered that these ratings are empirical 
and too precise results should not be expected. 
Even so, several interesting effects are quite 


clearly indicated. 
Rating After Moderate Work 


1. There is no systematic variation of any 
quality in any temper over the entire range of 
copper content. In other words, for this 
particular cold heading operation any copper 
content from 61% up is satisfactory. 

2. An intermediate anneal on the wire 
previous to a final 6% reduction in the drawing 
dies seems slightly better than either a lighter 
or a softer anneal. 

3. Increasing the total draft to 13°¢ has but 
little effect on the cold heading qualities. A 
20% final reduction, however, sharply lowers 
the buckle rating, but improves the surface rat 
ing, the mean quality rating falling off slightly. 

4. The wires tested with higher lead con- 
tents show an adverse effect in the case of the 
softest anneal and also for the 130% and 20% 
final reductions, but relatively little effect on in 
termediate tempers. 

5. The high iron material is decidedly 
lower in cold heading quality for all tempers. 

These results are averaged in an over-all 
figure shown in a line across the middle of the 
table. 
placement of metal would more strongly indi- 


It seemed obvious that a greater dis- 


cate differences in quality. Accordingly, about 


30 specimens from each alloy and temper were 
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re-headed without intermediate annealing. For 
this operation a flat punch was used and the 
heads compressed in a single blow from the 
form already tested to the approximate form 
shown at the right of the sketch at the head of 
this article. 

Ratings for the same four qualities were 
made in precisely the same manner as for the 
first operation, and tabulated in the lower 
portion of the large table. The standards of 
comparison for the various qualities are shown 
in the lower halftone on page 20, and, as in the 
previous ratings, factors other than the one 
under immediate consideration were neglected. 

A study of the table shows certain fairly 
well defined effects. Others are less evident. 
For the present purpose it appears unnecessary 
to follow in detail the effect of all combinations 
of alloy, temper, and individual quality. To aid 
somewhat in drawing general conclusions, the 
ratings are averaged for all six tempers in the 
last line in the table. These results are also 


plotted in the two curves on this page. 
Metal For Re-Heading 


The following conclusions may be drawn 
for the re-headed material: 

1. There is little difference in any quality 
over the range of copper from 61% to 75° in- 
clusive. A slight improvement is noted at 80°% 
copper and a very decided improvement at 90 
to 100°. copper. In fact, these latter alloys could 
probably be worked very much further without 


serious trouble. 


2. There is not much change in average 
ratings for the high brasses due to increasing 
the lead content up to 0.10° , but a decided fall- 
ing off beyond that amount. The shearing 
rating shows a decided drop above 0.10% lead 
and falls to 0 (actual failure) at 0.30% lead, 

3. Iron above 0.10% has an adverse effect 
on all qualities except roughness. Retardation 
of grain growth with high iron lessens surface 
roughness. 

1. Tempers A and B, with final reductions 
of about 6% after a light or intermediate anneal, 
are on the whole better than the others. Too 
high an anneal gives excessive roughness, and 
too heavy reductions harm the other properties. 

5. The harder tempers for all except the 
high copper alloys give poorer results. The 
90° copper alloy shows little variation in cold 
heading quality with temper. 

As a result of the above studies (which 
agree closely with general mill experience) the 
following recommendations can be made: 

(A). For the usual run of moderate head- 
ing operations a common high brass of about 
65°) copper, less than 0.10% lead, and less than 
0.10% iron, is satisfactory. The most suitable 
temper is a final reduction of 6 to 10% after a 
light or intermediate anneal. 

(B). For extreme metal displacement 
without annealing between re-headings, a com- 
mercial bronze with about 90° copper, less 
than 0.05° lead, and less than 0.05% iron, gives 
the best results. The temper is optional, within 
a fairly wide range, but a final reduction of 6 


to 10° aftera light anneal is perhaps preferable 
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Effect of Copper, lron or Lead Content 
on Cold Heading Qualities of Brass. 
Values shown in these curves are the av- 
erage for all four qualities in six tempers 
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RECOMMENDED PRACTICE FOR TESTING 


bolts, screws, nuts, studs, and pins 


By ommiittee on sts 


Recommended Practice Committee 


A.S. 3. T. 


A RECENTLY adopted A.S.S.T. 


tentative recommended practice (not intended 
for a specification) notes that inspection may 
include one or more of the following tests: 
Chemical analysis; mechanical inspection for 
dimensions; inspection of finish and appear- 
ance; hardness, either” Brinell, Rockwell, 
scleroscope, or file; tensile test) (ultimate 
strength, elastic limit, vield point, elongation, 
and reduction of area); head test, bend test, 
shank fracture test, impact test, torsion test, 
shear test, thread stripping test, macrostructure, 
microstructure, inspection of coatings. 
Notes on several of these tests, in some respects 
unique to the bolt industry, are quoted below. 
Appearance and Finish—— These products 
should be free from harmful defects such as 
burrs, excessive scale, rough tool marks, dirty 
threads, rust, and visible defects from the raw 
material, The application usually determines 
What may be considered as harmful defects. 
Mechanical Inspection — Physical dimen- 
sions are determined by suitable rules, gages, 
micrometers, optical projectors, and special in- 
truments. Thread dimensions and tolerances 
‘or the several classes of threaded products are 


is specified in the report of the National Screw 
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Thread Commission. An essential part) of 
mechanical inspection is the frequent checking 
of the routine testing instruments against 
master gages, 

Hardness Testing — Vhe Brinell hardness is 
generally used when the size, shape, and char- 
acter of the section permit. When possible, the 
hardness determination on headed sections 
should be made near the center on the top of the 
head. The sample pieces may be slightly but 
smoothly ground when it is necessary to remove 
scale, decarburization, or surface roughness. 
Hardness of case hardened products is deter- 
mined either with the scleroscope or Rockwell 
hardness tester (C scale). 

Tensile Tests — A threaded section may be 
considered as a cylinder strengthened by one or 
more spiral ridges which are the threads of the 
screw. The strengthening effect of the threads 
is usually greater on the vield point and elastic 
limit than on the tensile strength and is usually 
greater for coarse than for fine threads. 

An excellent method for writing specifica- 
tions is to state the minimum load in pounds for 
the vield point or tensile strength that a given 
specific part should sustain. This must be ap- 


preciably lower than the expected mean loads 
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because of the distribution of results, as noted 
at the end. 

Solts that are roll threaded but not heat 
treated are strengthened more than others with 
fine or coarse cut threads. The greatest strength- 
ening effect is after a cold reduction of the size 
of the pieces in the section to be threaded, and 
then roll threading. Materials that harden 
rapidly on cold working (such as_ stainless 
irons) also have large increases in strength after 
roll threading. In the extreme case, the 
strengthening effect of the threads may be 100% 
of the full cross-section of the piece. 

It is recommended that the mean diameter 
(the mean between the root and pitch diam- 
eters) be used as the basis for calculating the 
area of threaded sections, rather than the area 
based on root diameter, as is the common prac- 
tice at the present time. Reasons for such a 
recommendation are given in Mr. Slaughter’s 
article on page 18. If, when testing a threaded 
section, it breaks outside of the threads, the area 
of the section that breaks should be used for 
the calculation, 

tensile properties of unthreaded por- 
tions are calculated on the minimum cross- 
sectional area. 

Tensile tests should always be made of the 
finished pieces in special self-aligning grips. 
On threaded sections, tension is applied between 
the head and a nut screwed onto the threaded 
end, or the bolt is held in special split grips, 
threaded internally. Since a = straight section 
turned out of a threaded piece may give a re- 
sult far from the properties of the piece when 
pulled as a threaded section, the actual piece 
should be tested whenever possible. 

Elongation — The elongation is usually ex- 
pressed as the percentage increase in length in 
2 in. If the entire elongation is in a shorter 
length of the threads, divide the total elonga- 
tion, expressed in fractions of an inch, by 2, to 
get the percentage elongation in 2 in. 

Head Test--To determine if there is 
proper union between the head and_= shank, 
place the bolt sideways on a block of steel with 
its head just over and against the square edge 
and hammer the head vigorously. 

Bend test on the shank of bolts is an aid in 
judging the toughness and ductility. It is best 
made in the tensile machine with a specially 
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designed fixture which contains a mandrel, the 
rounded end of which has a radius the same as 
that of the bolt. 

Shank fractures show defects such as piped 
steel, seams, or coarse crystallization. These 
will probably be visible to the naked eye or 
through a hand lens. 

Impact Test — Bolts, screws, and nuts are 
usually subjected to tensile impact in service, 
but, regardless of type, all impact testing should 
duplicate actual service conditions if possible, 
especially in the method of supporting speci- 
men, application of stress, and tightness of nuts 

A common qualitative test to determine the 
core toughness of surface hardened parts is to 
subject the piece to hammer blows. 

Ordinary steels increase rapidly in brittle- 
ness as the temperature is lowered to or below 
freezing. Accordingly, bolts and pins should 
not be tested at a lower temperature than the 
one at which they are not expected to show 
brittleness. 

Shear tests are best made in a tensile ma- 
chine using a special block where close-fitting 
holes cut into a block and plunger of hardened 
steel hold the specimen rigidly in alignment. 

Thread Stripping Test — The strip test for 
threads is applied to threaded sections, includ- 
ing nuts, and when possible it should be made in 
tension on assembled units. 

Macrostructure and microstructure should 
be interpreted by experienced and_ trained 
technicians. 

Inspection of Coatings — A protective coat- 
ing may or may not be decorative. A decorative 
coating, however, must always be protective, be- 
cause any coating which is not sufficiently pro- 
tective soon loses its decorative quality. 

The decorative quality of coatings is 
usually determined by visual examination. 

The protective quality of a coating may be 
tested in several ways: 

(1) The outdoor exposure test, while quite 
reliable, usually involves more time than ts 
permissible. 

2) The salt spray test, in general use for 
checking the corrosion resistance of coatings, 
should be conducted in a closed cabinet in 
which a solution of sodium chloride, 20% by 
weight, is atomized continuously at 70° F. so 


as to give a visible fog (Cont. on page 8) 
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GRADED OR INTERRUPTED HARDENING 


avoids cracks and soft 


centers in high alloys 


SKI 


Schweinfut 


Industries 


Germany 


Mi equipment, such as 


\-rays, oscillographs, magnetometers,  dila- 
tometers, and improved microscopes, has given 
a new impetus to researches into the process 
and nature of hardening by quenching —a 
matter of such great importance to technologists. 
Much attention is being shown to this matter in 
Germany, as can be inferred from the large 
attendance at lectures on the theory and prac- 
tice of hardening steel given before the last 
general meetings of Verein Deutscher Eisen- 
and Gesellschaft fiir Metallkunde 


(leading associations of German firms in the 


huttenleute 


metal industry). 

The work of different investigators has been 
summarized in Archiv fiir das Eisen-Hiitten- 
Wesen, No. 7, 1932. 


of special value to actual practice, and a brief 


Dr. Franz Wever’s work is 


summary of it will now be given. 

Dr. Wever and his associates have come to 
the conclusion that the hardening phenomena 
annot be adequately understood by ascribing 
the results to unstable metallographic forms 
aught in the steel during rapid cooling. On 
he contrary, a comprehensive explanation can 
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that is to 


say, by studying the reaction speeds at fixed 


only be given on a dynamic basis 


temperatures. These transformation - time 
curves have been already used with good effect 
in America by Dr. FE. C. Bain and described in 
his Howe lecture before the Mining Engineers a 
the 


austenite changed into ferrite and carbide, and 


vear ago. He studied rate at which 


the dvnamics of the same reaction have been in- 


vestigated with magnetic equipment at the 
Kaiser Wilhelm Institute at Dusseldorf, Ger- 
many. 


It would appear that if a nickel-chromium 
steel (similar to S.A.E. 3340) is cooled fairly 
or 1600° F. to 


temperature below the transformation and held 


rapidly from say 860° C, some 


TABLE [- HARDNESS OF HIGH SPEED STEEL 
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steady at the lower temperature for some time 
(2 hr. has been used in many experiments), 
austenite is produced whose stability is the 
greater or smaller depending upon the correct 
choice of holding temperature. Definite struc- 
tures are formed which correspond to definite 
heat treatments. Furthermore, microstructures 
characteristic of quenched steels or quenched 
and tempered steels can be secured by the above 
heat treatments, which may be called “graded 
hardening” or “interrupted hardening” (gestufte 
Hartung). 

To be more precise, suppose the nickel- 
chromium steel is soaked at and 
quenched in a salt bath at 365° C. (690° F.) and 
so arranged that the magnetism of the specimen 
can be measured periodically. Within 17 min. 
the magnetometer deflection is 13 units; in 25 


min. it is 24 units; in 80 min. it has grown to 34 


accompanying three-dimensional diagram in 
which three definite steps can be distinguished, 
as well as one range (460° to 530°) where aus- 
tenite is stable. 

Step I. When the steel is quenched to 
within the range 660 to 530° C., and held there, 
a magnetic phase appears; its greatest amount 
is at about 575° C. (1070° F.). 

Step Il. Although austenite appears to be 
stable if quenched to about 500° C. (930° F.), 
such transformation as will occur in nickel- 
chromium steels quenched to temperatures be- 
tween 450 and 280° C. is practically complete 
after holding for 30 min., even though the 
amount of magnetic phase appearing at say 
425° C. is relatively small. At a holding tem- 
perature of 330° C. (625° F.) practically all the 
austenite is transformed in 2 hr. 

Step Ill When quenched in mediums 
cooler than 280° C. a third 
transformation appears, 


characterized by a break in 


280 which cannot be 


suppressed nor shifted to a 


direction of the curve at 
lower temperature even by 


the most rapid cooling now 


available. 


wate J . 
Phe second figure, also 
400 due to Dr. Wever, corre- 
studies with microstruc 
ture. hen the holding 
L temperature is just under 
the eutectoid horizontal PS, 
Temperature, Centigrade ferrite with cementite 


granules is formed if time 


A Series of Temperature-Magnetization Curves for a Steel Contain- 
ing 0.350 C086 Cr, and 404% Ni. Samples were quenched from 
46 to the temperature noted at the right and held there for 2 hr.. 
then cooled rapidly. Readings of the magnetometer show trans- 
formation of austenite, which is non-magnetic, into magnetic ferrite 


enough is given. A little 
lower in Step I lamejtlar 
pearlite will be observed; 
at the lower edge, troostite 


will be the end point. This 


units; and after 2 hr. it is 35 units (thus indicat- 
ing the presence of about all of the ferro- 
magnetic substance which can be formed from 
the austenite at that temperature). 

A number of such curves were made by Dr. 
Wever at different temperatures of the quench- 
ing medium, and the results are shown in the 
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proves the statement made 
above that the microstruc- 
ture depends not so much on the cooling speed 
as upon the time provided at the heat at which 
the transformation would normally occur. 

In the second step, at about 450 to 3500 C. 
(810 to 660° F.) alpha iron and cementite are 
formed, but some austenite does not transform. 


This step can likewise be interpreted as a zone 
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Portion of Tlron-Carbon Equilibrium Diagram 
Showing Relationship to Stepped Decomposition 
of Austenite When Quenched to Temperatures 
Below the Critical and Held There for Hours 


its danger of internal stresses, hardening cracks, 
and volume changes. 

In practice it is impossible to insure iden- 
tical cooling rates, so the influence of speed 
through the pearlite and intermediate zones to 
just above the martensite point was investigated. 
A steel with 1.030, C, 1.21% Cr was quenched 
in various mediums at 220° C. (430° F.) held 
there 30 sec., and then completely cooled in oil. 
Rockwell hardness and bending strength, as 
well as the deflection, of these test pieces were 
independent of the cooling rate down to 220° C. 
Other samples were uniformly quenched to 250 
C. in lead-tin baths, held there 60 sec., and then 
cooled further in different) mediums. The 
values so obtained show that the hardness is 
quite independent of the cooling rate through 
the martensitic zone III, 

Results similar to those described by Dr. 
Wever are not unknown to the steel hardener, 
although he could formerly give no accurate ex- 
planation. For instance, the process of graded 


hardening is applied to most high speed steels. 


Values secured at the SKF Industries, such as 


those shown on page 27, are generally known. 
where pearlite forms at a very slow rate. Despite different cooling rates in the quench, 
Theoretically, the austenite should become en- the same hardness is obtained, and the variously 


riched in carbon, although at such low tempera- | 


tures no diffusion of carbon can be noticed. 


In step III, when steel is cooled promptly to 280 


C. (535° F.) martensite begins to form at an extraordi- dustenite Zone ane y 

narily rapid rate as compared to the speed of trans- Peariite Zone 

formation in the first two steps. Nevertheless, when intermediate Lone | 

the sample is held for a long time at temperatures near Martensite <one Lt . a7 


f cua! rao 


»2 


the top of the third step, the tetragonal martensite Losrlite Annes 

decomposes into ferrite and highly dispersed carbide. ee @ 
On the above basis Dr. Wever has recommended ae = — ce 

graded or interrupted heat treatments for steel accord- 

ing to the third group of diagrams. 
In graded annealing to pearlite (top sketch) it is 


proposed to cool rapidly into the intermediate zone and 


subsequently reheat into the pearlite zone and hold Austenite Le 
there. This should shift the transformation to a Pearite Lon 

lower temperature than though the steel were cooled termediate don 

just under the A, point and held there, and thus give Martansite £ AN 


more leeway in heat treatments designed to produce 


é 


pearlite or spheroidized structures. 


Graded quenching and tempering, as indicated in Time-Temperature Programs for Usual 
the second pair of curves, should have the advantage Heat Treatments and for Corresponding 


that the required tensile properties can be attained Graded or Interrupted Heat Treatments ye 


without first going through the martensite step, with all 
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TABLE I!- MARONESS STEEL AFTER ORADED HARDENING 


T 
| Quench & 
tom 850T | 4 Hordhoss A for lempering a 
Into (Wot Te moered| 20M Min| 45Min\ Wer | 
| | | 
dat 50%, B| 635 |605|60.0\ 59.5|59.0| 59.0 
250%, | 635 585 | 58.0 
| 150%, Smin*| 635 
| Leadat l0sec"| D | 63.0 |60.0|59.0|59.0 | 99 0| 56.0 
| Osat250T E | 65.5 |60.0159.0|\58.5 | 57.7| 56.7 
| Olat F | 635 |60.01600 [992 | 56.5 | 57.2 


* Subseg yont coo. dling from hot wes in cold oil 


quenched steel remains in the same condition 
after similar annealings. Nevertheless, the table 
shows that when annealed for long times, the 
high speed steel with the most rapid quench 
(cold oil or air) shows better hardness. The 
steel from which the results of Table I were 
C, 4.5% Cr, 4.5% Co, 
It was quenched from 


secured contained 0.85% 
18% W, 0.7% Mo, 1.8% V. 
a salt bath at 1300° C. (2375° F.) in five different 
ways, and samples of each quench reheated in a 
lead bath at 580° C. (1075— F.) 
dicated before testing. 

We have also found that a lower alloy 


for the time in- 


chromium-nickel-tungsten steel is suitable for 
graded hardening. Table Il shows that in spite 
of different 


rates from the quench 


cooling 


TABLE MM-GRADED HARDENING OF 1% C, Cr BALL BEARING STEEL 


Quench | | Rockwell C Herdhess After Jempering 


from 

Into Hat 20Min| a5 Min) | Si | 
Jenoered ot 15 in Oi/ 

Oilat 25C M| 66 65 | 64 63 | 62 
leadat 350%, 3min®) N 47 7 | 47 47 \ 4/7 
\leadal F0T W0sec”| P 66 64 | 63 | 63 | 62 | 62 

250%, 0\ 6! 59 | 58 | 58 | 58 | 58 

Oilet 250% Q\ 66 64 | 64 | 62 | 62 | 6 

Tempered et 150°C in Oil 

| Oilat!70T 60.5| 59 

| Oilat 170%, Smin® 6/ 6/ | 58.5 

| 60% Inn®| | 63 | | | 67 

| Dilat 50% Imin® 64 63 | 62 

| 170% | 62 6! |59.7 

| Oia | 39 39 | 39 

| Oilat 150% 64 63 | 6/ 

| Oilat 50% | 39 | 39 


Subsequent cooling in cold oi! = in oir 


was substituted for cold oil. Only when 
quenched in cold water was the hardness high 
(C-64 to C-66) and the fracture good (see the 
center pile in the halftone). Graded quenchings 
gave hardnesses between C-45 and C-47. 

On the other hand, a normal ball bearing 
steel with 1.00% C and about 1.50° Cr shows a 
graded hardening, 


tendency to respond to 


as shown in Table IIL. (Continued on page 62) 


the same hardness 
mav be secured. The 
samples were small 
rings “, in. thick; fine 
fractures (shown in 
the halftone on this 
page at the right) re- 
sulted from all heat 
treatments. This steel 
analwzed 0.605 ©, 
O58, Mn, 1.150 Cr, 
0.9% 
O30, Si. 
Straight 


steel does not” re- 


carbon 
spond to graded 
hardening. <A series 


of disks was 


quenched and drawn 
according to the pro- 
gram shown in Table Tables. 


Il, except that water 


tool steel; at right is chromium-nickel-tungsten low alloy steel. 


Fractures of Samples Heat Treated According to Conditions Shown in the 
At left is chromium ball bearing steel; at center is plain carbon 


Full size 


at 23° C. (730° F.) 
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Steel for Fabric 


LIKE it or not, competition is a very effec- 

tive method of shaking out complacency. 
It may be a wasteful method of determining the 
best of a group, but given free reign it does it. 
That goes for materials as well as for men and 
business organizations. 

We are especially interested in the competi- 
tion of metal with other materials, for when 
metal is successful all the more opportunities 
for metallurgists are created. Unfortunately, 
most of the battles are waged metal against 
metal, and not metal against wood, cement, 
brick, plastics, or organic materials. So it is 
real news when one finds metal replacing 
fabric: 

Even in these days of peace, several million 
rounds of machine-gun ammunition are used 
each year for training the infantry, aviation, 
and navy. In years past the cartridges were 
slipped through loops in a fabric belt, and the 
gunner contended as best he might against 
variations due to manufacture, humidity, tem- 
perature, and age. The modern way is to stamp 
out three-eye links from high carbon. strip. 
They interlock as hinges, so that each cartridge 
forms a pin of a continuous metal chain; the 
shells are held firmly enough by one eve so they 
cannot get out of line, but a second eve is loose 
enough to give easy flexibility to the chain in all 
required directions. 

As in the manufacture of high grade 
springs, 100°¢ inspection is the most expensive 
step in the production line, for five men and a 
battery of machines can stamp, heat treat, clean. 
ind plate the hinges for 0.30-caliber ammuni- 
tion at the rate of 200 per min., whereas 15 are 


required to inspect them. 
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Technocratic Bunk 


TECHNOCRACY makes good conversa- 


tion. That's about all it is -conversation. 


For a couple of centuries people have had a 
notion that more machines and power mean less 
labor; we've only now begun to lie about it. 

It's regrettable that the chief technocrat and 
his publicity man were so careless with their 
decimal points. They say “One man in incan- 
descent lamp manufacture is doing today in one 
hour as much as it took him 9000 hr. to do in 
1914.° General Electric Co. says it now has 
1900 employees making lamps. On the techno- 
cratic basis of a 9000-fold increase in productiv- 
itv it would have taken 14,000,000 men to pro- 
duce the lamps it actually made in 1914! 

The technocrats say, “One hundred men 
working steadily in modern plants could pro- 
duce all the bricks the country needs.” The en- 
gineer-manager of the New York & New Jersey 
Common Brick Association states that this 
figure works back to approximately 400,000 
brick per man per day, whereas the most high- 
lv mechanized plants now seldom exceed 2000 
brick per man per day. 


From a technocratic pronunciamento: “In 
pig iron production, one man working one hour 
can do what it took him 650 hr. to accomplish 
D0 vears ago.” The Iron Age has divided the 
actual tonnage made in America by the census 
figures on employment and finds that the an- 
nual production per worker was 1710 tons in 
1929 and 714 tons in 1879——a 23-fold increase 
rather than 650-fold. (That's bad enough with- 
out any exaggeration, perhaps, but there’s room 
for argument even there, for many graduates of 
the stock pile and cast-house would be glad if 


the larger figure were correct!) 
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Speculation about the meaning of all this 
mechanization is not even new. We recently 
looked through a pamphlet written by a “pro- 
duction engineer” of 1913, and his opening data 
read much like the above. His conclusion as to 
the meaning of the figures was different, how- 
ever, for he hailed the advent of the workless 
week, even though he doubted whether much 
leisure would bring much happiness. 

Going a little further back, you can read a 
vastly interesting book called “Erewhon,” writ- 
ten sixty vears ago by the English author 
Samuel Butler. [tis a romance about a country 
which had banished all machines, even watches 
and money, before they enslaved men. It's also 
good literature, which is more than can be said 
for much of the technocratic and economic 
bunk that’s published now-a-days, 

You can push further back into history than 
that, if vou want to, for as Archimedes said 
when he constructed his first catapult to throw 
stones against the enemy: “This will put a lot 


of soldiers on the shelf!” 
Magnetic Hardening 


IN SEVERAL issues since the beginning 

of 1952, Merat ProGgress has allotted space 
to a discussion of the peculiar hardness fluctua- 
tions noted in magnetized metals by E. G. 
Herbert. Mr. past contributions to 
metallurgical technique warranted ready ac- 
ceptance of these new discoveries. Neverthe- 
less, other skilled) investigators have been 
unable to find a= similar relation between 
metallurgical hardness and past exposure to 
high magnetic fields. 

With the three letters published in this issue 
(page 16) the editor will call) a moratorium, 
with these general) observations: From a 
scientific viewpoint one can postulate some inti- 
mate relationship between magnetism, elasticity, 
and atomic cohesion. Unfortunately, too little 
is known about the essential cause of magnetism 
to get very far along that line. We can also 


remember how hopelessly involved became 


former attempts to explain simultaneously thy 
changes in hardness and magnetism of quenched 
steel —a matter which has been straightened 
out only in recent vears, 

From a practical viewpoint it would appear 
that if a certain sized test piece must be placed 
on a magnet of certain dimensions and _ field 
strength, and then tested by a certain hardness 
tester in order to show any changes due to the 
magnetic treatment, then Mr. Herbert's method 
must have very limited industrial application 


at present. 
Stainless Iron 


THE leading article in last month’s issue 

on “Manufacture of Stainless Iron” by A. 
L. Feild was a 50‘. condensation of a chapter 
for a forthcoming book on the stainless alloys. 
Some unwarranted inferences and errors there- 
fore erept into the story as printed, which the 
author had no chance to correct, he being 
abroad. 

Mr. Feild now writes that a casual reader 
would infer that the conventional principles of 
manufacture described on the first page under 
the crosshead “Use of Low Carbon Ferro” 
represent the methods used by his associates, 
Rustless Iron Corp. of America, whereas the 
latter does not employ low carbon ferrochrome. 
In the accompanying statement that “all low 
carbon stainless steels and irons are manufac- 
tured in America in the basic electric are fur- 
nace” the word basic should not appear. 

He also wishes to correct the reference to 
the use of magnesium in the manufacture of 
high chromium steels containing from 8& to 35° 
of nickel. His original manuscript had a section 
describing alloys containing from 59 to 66° of! 
nickel and it was made clear that this use of 
magnesium is limited to such high nickel-chro 
mium alloys. Steels containing 8&8 to 35% o! 
nickel contain so much iron that the introduc 
tion of magnesium would be violently explosive 
and he does not know of any instance where its 


addition has been proven to be beneficial. 
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ENGINEERING RESEARCH AT MICHIGAN 


accomplishments during eleven years growth 


By A. E. White 


Direc tor 


Department of Engineering Research 


University of Michigan 


RB 1921, the Regents of the Univer- 
sity of Michigan, recognizing an opportunity for 
directly serving general scientific and industrial 
interests, voted to establish the Department of 
Engineering Research. The purpose of this de- 
partment was to be a link between the univer- 
sity and industrial and technical organizations; 
to place the facilities, the libraries, the labora- 
tories, and the trained personnel of the en- 
gineering and science departments the 
disposal of manufacturing concerns. 

Although engineering experiment stations 
had been in operation in a number of American 
schools for several vears, it was usual for them 
lo receive their major support from. state or 
college grants rather than from industry. In 
developing the Department of Engineering Re- 
search at Ann Arbor, just the reverse policy was 
followed, since the appropriation by the institu- 
tion was relatively small. 

Starting in 1920 with a grant of $10,000 and 
| staff of two persons, the department devel- 
ped rapidly until in 1931-32 it employed a 
regular staff of about 25 persons on full time, 
ihout 1 part-time investigators from the fac- 


lties of the various engineering and science 
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schools, and 128 part-time assistants, many of 
whom were graduate students; 167 research 
projects were carried on and a total of approxt- 
mately $250,000 was expended. This figure 
becomes even more significant when it is con- 
sidered that business was greatly depressed in 
that same period. 

Some time and effort was necessary to dem- 
onstrate to business executives that when a pro- 
gram is properly organized, the university is an 
ideal place in which to conduct research work. 
Many executives then felt’ (and some still do 
feel) that, although the men on the faculties ot 
our institutions may be men of excellent theo- 
retical background and good teachers, they are 
insufliciently informed on industrial trends to 
be of material assistance on practical problems, 
The growth which this department has experi- 
enced and the growth of similar departments in 
other institutions has done much toward break- 
ing down this feeling. 

When viewed from a strictly business per- 
spective, it becomes evident that the university 
can offer many advantages in conducting indus- 
trial research. For example, no single indus- 


trial laboratory has the variety or the amount 
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A Bank of 15 Units 1 
in Constant Use Study. 
ing Creep in Metals a 
Elevated Temperatures 
On the next page is a 
view of one of the sound 
testing laboratories se! 
up to study and analys 
the noises in automotive 


transmissions and axles 


standpoint. In place of 
relving exclusively up- 
on the judgment of one 
person, however, — the 
presence of — internal 
stresses in the shaft in 
question deter- 


mined by means of \- 


of research equipment that is found at) Ann 
Arbor. 

The libraries of the university are a great 
aid to research. Aside from the general library, 
the principal collections useful for industrial 


research are the chemistry, engineering, physics, 


and natural science libraries, which together 


house-about 70.000 volumes. These four library 
branches subscribe for 850 periodicals, includ- 


ing all leading foreign technical publications. 
Many Experts Available 


Another source of strength with regard to 
a program of work at the university is what may 
be spoken of as the “composite mind.” No 
problem is necessarily a problem in any one 
specific field; it may be attacked from various 
angles in more than one branch of science. In 
an institution such as the University of Michigan 
there are available eminently capable minds in 
the fields of mathematics, engineering me- 
chanics, civil engineering, mechanical, electrical, 
chemical, metallurgical, marine, and aero- 
nautical engineering, as well as in chemistry, 
physics, and other scientific departments. 

The use that is made of these departments 
is well illustrated in an investigation made on 
turbine shafting a few vears ago which might 


have been attacked solely from a metallurgical 
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ravs by a physicist; the 
nature and amount of these stresses were deter- 
mined by an engineer in the Department of En- 
gineering Mechanics; the composition of the 
shaft and possible harmful non-homogenceities 
were determined by a research chemist; the 
structure and properties of the shaft were inves- 
tigated by a metallurgist. All of the informa- 
tion thus obtained was correlated and proper 
recommendations resulted as to the manufac- 
ture and heat treatment for subsequent shafts. 

Routine testing is discouraged at the De- 
partment of Engineering Research, for there are 
many commercial laboratories in Michigan 
much better fitted for this type of work than is 
the university. The training given to the per- 
sonnel, their education, background, and scien- 
tific attitude make them much better fitted for a 
program of research. In short, the advantages 
to cooperating industry are the multiplicity of 
viewpoints, the varied training of the personnel, 
and the large amount of special equipment 
available. 

Two questions which always arise with re- 
gard to research work at a public institution 
deal with the matter of publicity and the mat- 
ter of patents. These questions have been ver) 
carefully considered and a definite procedure 
has been developed in both instances. 

As for publicity, it is stated definitely in the 


contract executed by the cooperating business 
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sanization and the Department of Engineer- 
» Research of the University of Michigan that 
the latter agrees to use its best efforts to prevent 
e disclosure of any facts or data furnished by 


e client. The department has the right, sub- 


ject to the approval of the client, to publish for 


the benefit of science such results of a given re- 
search program as are in the nature of funda- 
mental principles. 

Patent policy has also been very carefully 
worked out in order to provide suitable and 
proper protection to the client or sponsor, to the 
university, and to the inventor. So far as is 
known, the University of Michigan is the only 
university in the country which is in a position 
to advise in advance with regard to the patent 
policy. Four options are tendered; (a) full as- 
signment to the industry in return for an extra 
service charge, (b) and (c) assignment to a trust 
company for administration to” benefit all 
parties, and (d) assignment to inventor, sponsor 
or client having the right to use it at no cost. 

A few examples of the projects completed 
at the Department of Engineering Research will 
vive an idea of the diversity and scope of the 
One of the 


first large problems was to design and develop 


work which is being carried on. 


a single-phase motor suitable for general house- 
hold use. After a study continuing over two 
vears, during which the facilities of the Depart- 


ment of Electrical Engineering were made avail- 


able, a motor of the capacitor type was designed. 
This motor possesses a higher starting torque, 
better efficiency and power factor than previous 
commercial designs, and it gives no radio inter- 
ference (a feature very important at the present 
time). Since it requires a lower starting cur- 
rent, it does not dim the house lights when the 
motor is started. The fundamental features 
have been protected by patents under one of the 
above plans and at the present time it is being 
manufactured under license by various com- 
panies for household refrigerators and vacuum 
cleaners, for which it is especially adapted. 

A unique phase of research which has 
proved valuable to industry is work on acous- 
tics. The personnel is composed of three 
research physicists who have specialized in the 
respective fields of sound measurement, vibra- 
tion phenomena, and vacuum-tube circuits. 
During the ten vears in which this work on 
sound has continued the department has built 
up a very complete equipment of acoustical ap- 
paratus, quite adequate for even those develop- 
ments of a very fundamental nature. This 
sound measuring apparatus measures both the 
frequency and intensity of any one component 
of noise, thereby enabling the causes of the noise 
to be located. 

One of the important studies was of noises 
in vacuum cleaner motors (resulting in the 


marketing of much quieter machines). A rug- 
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ved device for the routine inspection of roller 
bearings in the factory has also been developed 
and has been used for testing for noise about 
1,000,000 bearings per month for many years. 
Sound detecting and analyzing equipment has 
been used to study the causes of noises and as- 
sisted in the design of quieter gears, automobile 
transmissions, cream separators, and electrical 
refrigerators. 

An X-ray department, with thoroughly mod- 
ern equipment and transformer capacity up to 
280,000 volts, has contributed much valuable 
information to manufacturers. For instance, 
high pressure, chrome-nickel cast steel valves 
weighing up to one ton were completely radio- 
graphed for the location of blow-holes and other 
defects. From the information obtained this 
manufacturer has redesigned his product so that 
valves are produced consistently which show no 
serious defects. 

One of the outstanding metallurgical con- 
tributions of the Department of Engineering 
tesearch has been a study of high temperature 


propertics of metals. This work has been in 


Set-l’p for Radiographing a High Pres- 
sure Valve Body With a 4-In. Wall 


progress nearly cleven vears and has involved 
not merely the testing of hot metals for short 
lime properties and for creep characteristics, 
but also has resulted in the development of new 
steels possessing exceptional properties at ele- 
vated temperatures. The creep testing equip- 
ment consists of sixteen units with devices for 
measuring clongation accurate to half mil- 
hionth of an inch. Similar work has been con- 


ducted in special equipment to measure the flow 
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characteristics of lead alloys used cal 
sheathing. 

A study of spark plugs resulted in the dis- 
covery that the best electrodes were produced 
when there has been an accidental addition of 
less than 0.1°) of barium to the metal. Routing 
chemical analysis did not reveal this fact, so 
that spectroscopic methods were used, and a 
special spectroscope was developed for this con- 
cern to enable its staff quickly and accurately 
to control the barium content of the molten 
metal before pouring. 

Occasionally a project requires claborat: 
equipment outside of the university itself. A 
250-ft. steel tower and a quarter-mile of experi- 
mental transmission line were erected on a hill 
a short distance from Ann Arbor for a thorough 
study of the wind forces and the effect of ice 
acting upon electric power line poles and con- 
ductors. This study, extending over several 
vears, has vielded much valuable information 
to the power companies sponsoring the project, 
and the data of general interest: published. 

The almost unlimited scope of the problems 
investigated is shown by the diversity of sub 
jects which they embrace. Work has been don 
or is being carried out on the scaling and burn 
ing of steels at forging temperatures (published 
extensively in Transactions, AJS.S.T.), on nickel 
and chromium plating, on the production of gas, 
the shrinkage in brass castings, on diesel en 
gines, malleable iron, and on the physical chem 
istry of stecl making. 

The degree to which manufacturers recog 
nize the convenience and advantage of researc!) 
at universities may be measured by the extent 
to which they avail themselves of the opportun 
ties. For example, in the vear 1920-1921, 22 
projects were investigated at the University o! 
Michigan and approximately 35.000 was paid by 
manufacturers as their share of the cost. Dur 
ing the vear 1925-1926, 110 projects were invest! 
gated for which S64,190 was paid; during tlh 
vear 1930-31, 167 projects were sponsored al 4 
cost of S213.956. In the eleven vears of its ©% 
istence the Department of Engineering Resear! 
has conducted over sponsored researc!) 
projects, some of them extending as long as s!\ 
vears, in the fields of chemistry, physics, + 
gineering, and metallurgy. The cost of cond: 


ing these studies totals approximately $1,220,000 
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FUELS IN HEAT TREATING FURNACES 


influence of intermittent schedules on costs 


By H. J. Gregg 


Combustion Engineer 


Surface Combustion Corp. 


Mi. UCFACTURERS of heat 


treated parts are now facing a constant demand 
for improved products at lowered costs. To 
meet this demand they must depend largely on 
caretul selection of metals, improved produc- 
tion methods, and proper heat treatment. As 
one item in this chain, the fuels burned in 
modern heat treating furnaces must contribute 
lo more rigid metal treatment specifications 
Without penalizing over-all operating costs. 
In general, recent furnace developments 
have featured automatic temperature control 
ind continuous or evelic operations. Up until 
i290 and 1930, the common sources of heat were 
oil, gas and electricity depending the 
operation, the type of furnace, and the metal- 
lurgical results desired. Since the economic de- 
ression, two new phases have been injected 
ito the question, First, the demand for high 
quality has emphasized the question of furnace 
nospheres. The second, and perhaps most 
portant, is economic: Fluctuating schedules 
d intermittent operation demand that costs 
i proportion to the tonnage of product; or, 
other words, that heat treating costs pet 
nd should not run up when the plant is op- 


‘ing part time. 
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These considerations are discussed in 
greater detail below. 

Fuel oil displaced coal for industrial fur- 
naces because operating labor was reduced and 
vreater flexibility on temperature control was 
possible. It increased popularity, even 
though its cost per B.t.u. was higher than a heat 
unit derived from coal. 

Most large manufacturers of automotive 
forgings now burn fuel oil in preference to other 
fuels for the reasons just mentioned. The proc 
ess of manufacture is well standardized and 
products are therefore sold within close price 
brackets. Forging temperatures of 2200 to 2100 
I. are easily produced with oil flame, and the 
slow burning, smoky atmospheres produce a 
“soft” heat and a soft scale easily broken and 
blown off by a steam jet or an air blast after 
a stroke of the hammer. 

While oil-fired forges are satisfactory for 
hammer operations, they are definitely limited 
for upsetters and the modern forging presses, as 
will be brought out later in this article, because 
these practices cannot tolerate oxide scal 

Of the competing fuels for forging, elec 
tricity is generally too costly for energy and up 


keep of the elements at forging temperatures 
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Gas has been used, but not extensively, as the 
cost per B.t.u. was usually higher, and most of 
the “clear flame” burning systems produce a 
thin, tenacious scale on billets, which scores 
the dies severely. 

The inherent combustion characteristics of 
fuel oil lend themselves to automatic control, 
but the furnaces must be designed with extreme 
care to achieve an even distribution of tempera- 
ture. It is also difficult to control the furnace 
atmospheres automatically. Lastly. fuel oil is 
not as clean nor as easy to handle as gas or 
electricity. 

It was for these reasons that the metal in- 
dustry turned to other fuels to meet demands 
for closer specifications on heal treated parts 


having improved surfaces (to reduce machin- 


ing and assembly labor). These operations in- 
clude normalizing, hardening, drawing and 
carburizing. Forging was not necessarily in- 
cluded in the list at the time. It was at this turn 
in events, when the automotive industry was 
prosperous, that electricity was promoted as a 
source of energy in heat treating furnaces. 
Electricity was doing miracles for countless 
other industries, and therefore it) seemed to 
answer the specifications for a perfect fuel. 
Electricity 
uous furnaces have been built to perform elec- 


Many batch-type and contin 


trically all the conventional heating operations. 
They are entirely satisfactory as to general 
operating performance, particularly from the 


standpoint of temperature control and distri- 


bution. Electric furnaces utilize the energy, 


At Top of Page: Side 
View of a Tin Plate 
Normalizer Utilizing 
Numerous Low Capac- 
ity Gas Burners. At 
the right is continuous 
furnace for carburiz- 
ing cam shafts in a 
gaseous atmosphere 
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st, for all of the energy input goes to useful 
vork, save the holding and radiation losses. 
icl firing has a low thermal efficiency because 
part of the energy input is lost in waste gases. 
As to source of supply: Certain large fac- 
‘tories operate their own power plants, but as a 
rule power is purchased. The rate invariably is 
of “two-part” or “three-part” nature, carrying a 
demand charge on connected load and a sliding 
scale on power consumed exceeding large blocks 
During the days of peak production, busi- 
ness Was booming and power costs were lowest. 
Since 1930, however, production has been inter- 
mittent, vet metal manufacturers are compelled 
to pay the highest rate on electric furnace 
energy just at a time in- 


creased operating costs are suicidal. 


Refined gaseous fuels lend themselves ad- 
mirably to high utilization efliciencies and 
flexible range of turn-down under automatic 
control, “One valve.” automatic proportioning, 
fuel-burning equipment is thoroughly depend 
able. Without limitation at reduced capacities, 
gas burners can efliciently burn any desired 
volume of fuel without that clogging or coking 
Which occurs with low capacity oil burners. 
Therefore, by designing furnaces with a number 
of small capacity burners, an even temperature 
distribution is achieved, and in temperature con- 
trol and heating characteristics, gas-fired units 
have duplicated, and in many cases definitely 


exceeded, the results achieved by other fuels. 


Hence we find many operators com- 
pletely changing their attitude in 
favor of gaseous fuels, and being 
more or less surprised to discover 
what progress has been made in the 


design and construction of gas-fired 


heat treating furnaces. 

Artificial and Natural Gas — At 
the time when electric furnaces 
were actively replacing old oil-fired 
units, newer gas-fired furnaces were 
equally outstanding in their per- 
formances) and accomplishments. 
there was a small problem in edu- 
cating the users, for their judgment 


was influenced by memories of sad 


experience in burning natural gas 
with crude burners and home-made 


furnaces. The fuel supply did not 


Fuel Control Equipment and Conveyor Drive on Combina- 
tion Normalizing and Hardening Furnace for Front Axles 


prove dependable in winter months. 

They had also proved to their own 

satisfaction that) gas-fired furnaces built) by 
their own master mechanics and using the 
superintendent’s “patented” burner were defi- 
nitely limited in performance! 

The greatest benefit and contribution have 
only been realized by leading furnace manu- 
facturers in the design, fabrication, and erection 
of special furnaces complete, to meet the job at 
hand. In so doing, users have profited from all 
previous experiences gained in the art of cor- 
ectly and efficiently utilizing artificial and 
atural gas fuels, with an enormous advance in 


irnace efficiency and characteristics. 
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Even though the efliciency of electric fur 
naces is inherently higher than gas-fired units, 
the lower cost per unit of energy with gas also 
influences the policy, and in most instances con- 
trols the cost per part treated. Emphasis should 
also be put on the clean and improved work 
ing conditions which gas enjoys, as well as 
electricity. What is of greater importance in 
recent twelve months, is the inherent advantage 
refined gaseous fuels possess in maintaining fur- 
nace atmosphere. Important advances have 
been achieved in this direction during the past 


eighteen months. We refer in particular to the 
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development of diffusion combustion and con- 
tinuous gas carburizing. 

Diffusion Combustion Forge Furnaces 
We shall not attempt to discuss the theory of 
ditfusion combustion nor the design of burners 
to produce this phenomenon, for this matter 
was adequately covered by Mr. Hepburn in last 
September's issue of Merar Progress. Only the 
results on forging operations can be mentioned. 
In forge furnaces, cither batch or continuous 
types, one can produce a definite flame length 
with uniform temperature throughout, manxi- 
mum heating power or radiation, and can ex- 
clude air vet maintain correct: proportions of 
vas and air for complete combustion. 

For these reasons, forge furnaces burning 
vas in diffusion burners can heat steel to forg- 
ing temperatures without any scale whatsoever! 
In practice, some scale is present, not from the 
heating operation, but from the original mill 
scale on the slugs or bars, or formed during the 
transfer from furnace and during forging and 
cooling. Furthermore, in drop hammer prac- 
tice, some scale is produced when an air or 
steam blast is directed at the dies to cool them 
or blow seale out. 

The writer believes that these results have 
been achieved along with the highest rates of 
heating ever accomplished within practical 
limits. At a well-known wheel company in 
Detroit, steel slugs for automotive wheel hubs 
have been heated at the rate of 143 Ib. of steel 
per lr. per sq.ft. of hearth area. 

In order to determine the importance of 
this development, one must comment on the 
future trends in forging practice itself. We 
predict without hesitation that a large propor- 
lion of automotive forgings will be made by 
“press forging” methods. Forging presses re- 
quire one blow, and can even satisfactorily forge 
steel at low temperatures between 1700) and 
But) these modern presses cannot 
tolerate excessive scale on the steel. Hence the 
importance of heating steel free from seale. 

Collateral advantages are in reducing pick- 
ling costs to a minimum. Improved surface 
conditions also cut the machining costs — one 
manufacturer has already recorded a reduction 
of 2o5,. Accurate press work may be held to 
closer dimensions, which not only makes for 


fewer machining operations, but is also a direct 
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saving on the weight of the raw steel purchased 


Continuous Gas Carburizing — Inasmuc! 
as this paper deals essentially with the trend o 
fuels used in heat treating furnaces, it canno! 
discuss at length the theory and design of thi 
new furnace. Mr. Cowan, in Mera ProGress 
Feb., 1932, has covered the ground. It can onh 
be said that work is charged on an open tray 
and pushed continuously through a= muffle, 
using unique methods for holding a_ definit 
ratio of gaseous compounds in order to produc: 
definite carburizing results. During the past 
twelve months, even in face of severe business 
depression, four of these furnaces have been 
installed for carburizing automotive parts by 
leading manufacturers. Results have demon- 
strated a low installation cost, a saving of half 
the ordinary floor space, low operating costs 
(50 to 66° under present: pack carburizing 
methods) and adequate control of depth and 
character of case. 

Butane — Business conditions in all branches 
of the metal industry demand that production 
and fuel costs be cut to the bone, vet in many 
manufacturing centers the rates for electricity 
and artificial gas have not vet been “deflated” 
along with other necessary items. To meet this 
economic situation, the petroleum industry has 
introduced a by-product known as butane, a 
light hydrocarbon liquefied from natural gas. It 
is free from sulphur, shipped in tank cars, and 
can be used in conventional gas-fired furnaces 
with equal efficiency and with all the desirable 
burning characteristics of artificial or natural 
vas fuels. It becomes a matter of costs per B.t.u. 
whether butane can profitably be utilized in 
automotive heat treating furnaces. The matter 
of supply and _ stability of price must stand 
careful investigation also, but this has proven 
entirely satisfactory to large automotive manu- 
facturers during the past two or three years, o! 
from the time it was first made available. 

In general, it may be said that where gas is 
available at reasonable prices, butane can 
duplicate but show no appreciable savings in 
fuel costs. Where gas is burned, however, with 
high demand rates and penalties paid for smal! 
consumptions, butane has produced outstandin: 
savings when plants are operated at curtailed 
capacity, for then the fuel cost is proportiona! 


to tonnage treated. 
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Good Re-Desig 
Clearly Reveals 
Sound Construction 


Re-design is not something you can 
smear over a finished product like 
a coat of paint; it is the building up 
of a well organized relationship be- | 
tween materials and the functional 
use of manufactured products. 
Such a relationship is provided 
; by the use of the light, strong | 
alloys of Alcoa Aluminum for Pullmans, Gondolas, Refrigerator 
and Tank Car Units. Here you have the combination of a metal 
that is strong to bear burdens . .. yet light ta miove since it &@ 
only 15 the weight of steel yet possesses equal tensile etreagth, 
Being also an excellent conductor of heat and electricicy and 
resistant to corrosion, the scope of use of Alcoa Aluminunt is 

i increased. It is practical for products as widely variant as wash~ 
ing machines, clocks, 


cameras, lighting fix- 
tures, radios, 


‘Aluminum Booms... Down Co 


Varying in length, 110, 135, 140, 155, 170, 175 feet, lots of Drag Line Booms, 
made of Alcoa Aluminum, are now at work . . . handling buckets that bite 
up to 7 cubic yards of earth... which represents, fully loaded, a lift of over 
18 tons... moving 150,000 cu. yds. a month... netting savings up to 2.53¢ 
each cu. yd. Drag Line Buckets too, are made of Alcoa 
Aluminum. Results ...cleaner dump... 33% increase 
in capacity of moderate size drag lines. 


with Aluminum 
By a new process, called “Alumilite” . . . color is added to the 
surface of Alcoa Aluminum articles of all kinds. . . Brilliant reds, 
blues, greens and other colors are obtainable, and these are virtu- 
ally part of the metal itself. Alumilited finishes are many times as 
resistant to abrasion as enamel and other common metal finishes 
... resistant to oil, food stains and finger markings. Articles pro- 
duced from sheets, sand, permanent mold and die castings, drop 
forgings and extrusion presses...may be Alumilited. 


d in'Aluminum weighs 37..instead of 85 lbs. 


Be 


This Wheelbarrow now holds 4 to § cu. ft. of sand. 
Re-designed in Aluminum, the Concrete Cart, in the 
foreground, now weighs 85, instead of 225 Ibs. At 50 
trips per day the new Cart increases pay load 7000 Ibs. 
Being Alcoa Aluminum, both Containers are corrosion 
resistant ... non-toxic. Now used in Building Industry 
..- Should also be used in Chemical and Food Industries. 


ALCOA ALUMINUM 
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Eagle 11% ft. High...5%4 ft. Bea 


A ¥: of these Eagles, cast in Alcoa Aluminum, perch atop the 
U.S. Court House and Post Office in Hartford, Conn. High above 
the pavements these birds must defy the attacks of rain, hail, snow 
and city smoke . . . that’s reason enough to cast them of Alcoa 
Aluminum. Furthermore, they are only 's the weight that they ~ 
would have been if made of old-fashioned metal. Base plates, cast 
integrally with the eagles, provide stability and facility for mounting. 


Re-Designed . . . It Widens the Re e Recc 


Made of Alcoa Aluminum, this new Tablet Register is so light ¢ 
.2'3 lbs... . that it can be carried and used in the shop, on \ N 
the truck, in ‘the storeroom, at the car. It’s made of Alcoa “\ 3 2a 
Aluminum sheet . . . spot welded at the seams and the joints : 
..and handles almost as easily as a writing tablet. 


Re-Designed . Keeps Peroxide Pure 


Keeping Peroxide pure and undefiled in 
transit is a job that Alcoa Aluminum 

.and no other metal . . . can do as 
economically. The entire tank, including rivets, is made of a strong Alcoa 
Aluminum alloy . . . holds 8000 gals. and is 8000 Ibs. hghter than an ordinary 
steel tank of the same capacity which couldn't be used anyway unless it were 
glass lined. 


It's a Milk Tank... Insulated with Aluminum Foil 


. You might mistake it for a Locomotive Boiler . . . which wouldn't be such 
a bad mistake because they too are insulated with Aluminum Foil in the same 


x manner. So are household refrigerators. Why? Well, briefly, 1 cu. ft. of Alcoa 
Aluminum Foil as used for insulation weighs 3 ozs. . . . cork 10 Ibs. . . . and the 


Foil’s better. Easy to install . . . can be used from below Zero to 
1000°F . . . unaffected by moisture or atmospheric conditions. 


To be exact, this Cage, made of pone deities is 1204 a 
lighter than a similar steel one. Wouldn't you feel safer at 1600 
feet underground to know there was 1204 lbs. less cage weight? 
See that picture of the mine skip? It’s made in Alcoa Aluminum 
and has § cubic feet more space. It is also 1680 lbs. lighter than 
the old-fashioned steel skip . . . and, of course, it increases pay 
load that much. To these advantages are added longer cable life, 
less power consumption, greater speed on return trip. 


J ] All the alloys of Alcoa Aluminum weigh only % as much, yet some have 
a equal tensile strength with structural steel. Weight for weight, they have 
} | the highest electrical efficiency of any metal commonly used. They defy 
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corrosion. They conduct heat many times faster than many 
other metals. Cost is low compared to other metals not 


ALCOA 
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Aluminum Mine Cage... 40% lighter ...lots safer too 
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...and is Father Time grateful? And that’s not all he gains from 
Alcoa Aluminum. Its hght weight means that his huge hour 


hi and minute hands can be erected with less counter balancing to 
tl throw its load on the clock’s central shaft. These clock hands 
a1 are made of 14 gauge Alcoa Aluminum Sheet, welded and bolted 
to a framework of 1"x 1" x 1," aluminum angles... faced with 
I. glass, behind which is a row of electric hght bulbs. 
: 
| t Mississippi River Crossing. ..w with 


ica This is a double circuit span of 307,500 c. m. aluminum cable 
steel reinforced, built by Arkansas Power & Light Company 
and Memphis Power & Light Company. Designed to insure 
safety and to provide a clearance of 75 feet above river surface 
in super-flood conditions. Towers are 435 feet high. Cable of 
AD. Alcoa Aluminum, of course . . . it alone brings 


? the combination of light weight, safety, and EP 


economy. 


Re-Designed... ... Carries 25 More Cases 


Made of Alcoa Aluminum, this 
Bottlers Truck Body is immune 
to rust even though the bottles may be trucked when wet. . 
which of course is almost unavoidable. Decks are of corrugated 
sheet . . . deck posts set in to adjust stresses. The re-design in 
Aluminum stepped up the load from 126 to 151 cases at no in- 
crease in total weight on wheels. 


_Re-Designed . lt Conducts Heat Quickly 2 


This Plate Heater is made entirely of Alcoa Aluminum Castings. 
Results .. . high heat conductivity and hght weight which mean 
handling with minimumeffort .. . plates retain polish and are easily 
cleaned . . . metal is safe to use with milk and milk products... 
entire heater is cheaper, made of Alcoa Aluminum, than if made 
of any other metal suitable for handling milk. And there is no 
need for replating or recoating. 


“acade...of Alcoa / Alcoa a Aluminum Extruded Shap es 


ans than 150,000 Ibs. of Alcoa Aluminum are 
used on the facade of this 7 story Building. . . used 
for exterior interlocking lies assembly, cornice, 
flashings, louvres, copings and plinth blocks as 
well as windows. Pilasters and other ornamenta- 
tions are fabricated entirely of extruded Alcoa 
Aluminum sections. Inset picture shows extruded 
aluminum window and mullion construction and 
erection method. 


possessing their specific advantages. Quick deliveries from warehouse stocks 
" principal cities. Ask for name of your nearest distributor. For information 
1 how to use, form or handle Alcoa Aluminum in any way, write us. 
\ddress ALUMINUM COMPANY of AMERICA; 2sg0:iC Oliver Building, 
'TSBURGH, PENNSYLVANIA. 


ALUMINUM 


ow “Time's” Hands! Will neither Rust nor Vibrate a 
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Iron-Carbon Alloys Containing 
Much Sulphur 


Senpat, Japan— Two compounds, iron 
sulphide and manganese sulphide, have 
been found to co-exist in steel and cast iron, but 
exact knowledge of the phase change of these 
compounds at high temperatures has been lack- 
ing. Tomo-o Sato undertook to study this prob- 
lem, and, as the first step, he investigated the 
equilibrium diagram of the Fe-Fe,C-FeS system. 
Since iron sulphide is readily oxidized and 
the oxides which are formed considerably alter 
the melting points and the structures of Fe-FeS 
alloys, the sulphide and the white cast iron used 
were prepared as pure as possible. These 
materials and electrolytic iron were then melted 
together in a Tammann furnace; oxidation of 
the melt was prevented by covering it with a 
mixture of glass and sodium carbonate. In this 
manner 75 different allovs were prepared and 
studied by thermal analysis. The diagram on 
the data sheet opposite shows the result of this 
investigation. 

In the carbon-rich alloys near the Fe-Fe,C 
side of the ternary diagram the break point in 
the cooling curves corresponding to the binary 
eutectic point appears below 1130°C. They 
also halt slightly at 1100 to 1110° C. By increas- 
ing the sulphur content, the alloys do not show 
the eutectic point, but have two halting points 
i 1100 to 11100 and 970) C. respectively. 

Microscopic investigation of these alloys 
showed that those containing a considerable 
amount of carbon and sulphur have a ternary 
eutectic, rich in iron sulphide, in a globular 
form. It was ascertained that alloys in certain 
omposition ranges do not melt into a homo- 
cneous phase, but separate into two phases and 
hat the monotecto-eutectic reaction takes place 
 1103° C. and the phase containing a smaller 
mount of sulphur finally disappears. It was 
iso discovered that the remaining sulphur-rich 

hase solidifies as a ternary eutectic, separating 


imma iron, cementite, and iron sulphide. The 
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monotectic reaction curve and = the ternary 
eutectic point as determined by Hanemann and 
Schildkétter agree satisfactorily with those 
determined by Sato. 

The primary crystallization curves and the 
eutectic point in the equilibrium diagram of the 
Fe-FeS system agree with those of former in- 
vestigators, but the existence of a transforma- 
tion point at about 1400°C. in’ the alloys 
containing up to 23°, FeS was discovered. In 
considering the structure of the ternary alloys, 
it was assumed that iron dissolves a small 
amount of iron sulphide as a solid solution in 
the vicinity of the transformation point, which 
causes a peritectic reaction at the point not far 
from the A, point of iron. 

Furthermore, iron sulphide was found to 
have two polymorphic transformation points at 
and 308 C. respectively; these transfor- 
mations were also observed in Fe-FeS and 
Fe-Fe C-FeS alloys. The qualitative binary 
diagram of the Fe C-FeS system shown in the 
figure on page 11 was also deduced from the 
diagram of the ternary system. 


Korarno Honpa 


Test Files Made of Nitrided Steel 


Turi, Italy The problem of determin- 


ing scratchardness, using properly made 
files, has been given great attention in Italy, 
especially by Fabbrica Italiana Lime di Preci- 
sione of Turin. “F.LL.P.” is now one of the 
largest and best equipped file factories in 
Europe. 

This problem has been considered twice in 
ProGress, first in an editorial in Septem- 
ber, 1932, and again in December in a very in- 
teresting and authoritative article from the 
research laboratory of the Nicholson File Co. 
Therefore, it may be interesting to quote some 
of the results obtained by “F.LL.P.." as they do 
not completely correspond with those from the 
Nicholson company. 


In the first place, a vast number of tests 
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were made on steels of very different composi- 
tions and treatments in order to compare the 
indentation hardness (as determined by the 
Vickers diamond apparatus) and the scratchard- 
ness (determined by the diamond scratch test, 
first introduced by Martens, and developed by 
Turner) with the file hardness. The latter was 
determined by files manufactured by a process 
under rigid control from steels of various com- 
positions, hot worked and heat treated with pre- 
cision. At the same time, the brittleness of the 
steels was determined. 

Complete results of these tests cannot be 
reproduced here, for obvious reasons, but in a 
general way the scale of file hardness for tough- 
hard materials (such as some hardened alloy 
steels) parallels generally the scale of indenta- 
tion hardnesses, while variations of file hard- 
ness on britthe-hard materials (hardened high 
carbon steels) have a marked tendency to follow 
those determined by the diamond scratch test. 

The experiments noted above give a more 
exact definition to a fact already known, some- 
what indefinitely, to file testers. A hint to this 
effect can be found in the article by the Nichol- 
son File Co.. where it is said: “Alloy steel is 
denser and would, therefore, resist the file a 
little differently and it would be necessary to 
have a test piece of the same or similar mate- 
rial.” 

In the editorial it was suggested that files 
of greater hardness might be made of nitrided 
steel, but the Nicholson company that 
superhard files were not commercial. The lat- 
ter does not conform to our experience, for in 
order to test very hard materials, up to Rock- 
well C-68 and more, files of nitrided steels are 
being made. 

By properly eliminating the superficial 
laver of nitrides (the “l-nitride” and = “II- 
nitride.” so called by Fry) and by choosing a 
correct type of nitriding steel, the files can be 
made so they show a very constant hardness. 
The regular 1° aluminum steels were excluded, 
on account of the brittleness of the nitrided 
teeth. Other well-known low aluminum steels, 
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and some of the nitriding steels without alu 
minum, regularly produce files of a given hard- 
ness, up to 1000 Brinell-Vickers. These can bx 
used to determine rapidly the hardness of very 
hard steels, within sufficiently narrow limits. 

A careful study of the form of the teeth 
showed the great influence of design upon the 
problem of obtaining a good nitrided file for 
hardness testing. It should be obvious to file 
makers that more constant results can be ob- 
tained by making at least one cut by the ma- 
chine known under the French name “raclette,” 
and by choosing an accurate tool giving a 
special form to the teeth. 

As it is pointed out in the article of the 
Nicholson File Co., similar results (though 
limited to certain hardnesses, and not so con- 
stant or exact) can be obtained with files made 
by the normal processes that is, with files 
made of special high carbon steels, usually con- 
taining various percentages of chromium and 
tungsten, and properly hardened.  Fabbrica 
Italiana Lime di Precisione regularly makes 
these testing files of different hardnesses, but it 
is thought that the nitrided files will probably 
give better and more reliable results, provided 
the necessary care is given to the choice of the 
steels to be used, the manufacturing process, 
and the form of the teeth. 

Feperico 


Three More Letters About 
Magnetic Hardening 


CHARLOTTENBURG, Germany As a con 


tribution to the discussion of 
Herbert's work on the influence of magnetk 
fields on the aging of hardened steel, the investi 
gations on the same subject which were mad: 
by Dr. Kussmann and the present writer at the 
Technischen Hochschule, Berlin, should be o! 
interest. A full account of these was published 
last September in Stahl und Etsen. 

In his experiments Mr. Herbert has com 


bined the action of the magnetic field with 
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heating to 100 CC. Furthermore, he often has 
cold hardened the specimen by the so-called 
cloudburst method — that is, bombarding the 
sample's surface with falling steel balls. Since 
annealing at 100, as well as cold hardening, 
may likewise induce some change in the mate- 
rial, we felt that the influence of the magnetic 
field alone on the aging of hardened steel should 
be investigated. 

For our experiments we used three plain 
carbon steels with 0.72°, 0.905, and 1.065. C. 
In order to avoid decarburization they were 
heated to the hardening temperature in a 
vacuum and quenched in water, after which the 
surface was smoothly ground and polished. By 
adjusting the gap between the poles the 
electromagnet used was capable of a field 
strengh of 7000 oersted, which is suflicient to 
magnetize the samples to the saturation point. 

Hardness was measured with a Rockwell 
machine with a diamond penetrator. In order 
to bring the tests as closely as possible into 
correlation with Herbert's conditions, we also 
used a pendulum hardness tester; our pendulum 
tester had a steel ball instead of a diamond 
point. However, since it was a reliable instru- 
ment and gave hardness numbers comparable 
to the Rockwell values, no basic error was thus 
introduced. Before beginning the measure- 
ments it was determined that the oscillations of 
the pendulum hardness tester were independent 
of the magnetic state of the test pieces, and that 
both testing machines gave parallel results. 

A number of samples were tested which 
had been quenched under identical conditions 
and then stored for several days at room tem- 
perature, until the changes due to aging — pro- 
ceeding rapidly at first — had died away. The 
results of these experiments, which included a 
large number of individual measurements. 
showed indisputably that diamagnetization and 
drawing the sample through a magnetic field at 
room temperature induced measurable 
change in either its pendulum hardness or its 
Rockwell hardness. Furthermore, after another 
period of seasoning at room temperature, the 
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magnetically treated samples showed no differ- 
ence in hardness from those not magnetically 
treated. An example of these measurements 
and an indication of their accuracy is given in 
the attached table. 


Influence of Magnetic Treatment on 8 0.72% Carbon Stee/ 


Quenched and Sessoned Severe! Days at Koom Tempersture 
JAM D/C / | 77 
ne Rockwel/ Hardness, C Scale 


KAREN 4 BID AID 4 
SEO BIA BED ARO 7 SAF | ARIZ 
BEO RED) RE OBB BTA, 4 
, Ue , Ab 6 UY, 6 
B52 BED BEA ATS 15 BID Ar? 
Uv.e UU.F, 67.5, c 


Another point which was investigated was 
the question of whether the magnetic treatment 
strengthened the effect of an anneal at 100°C, 
A number of freshly quenched steel samples 
were boiled in water for several minutes, and 
during this time they were treated magnetically, 
Comparison pieces were heated identically but 
without) magnetic treatment. Hardness tests 
then showed that (within the accuracy of the 
test) no additional effect of the magnetic field 
was to be observed. In both groups the Rock- 
well hardness was raised about 1.5 units, and 
then remained constant when stored at room 
temperature, 

These experiments seem to prove that the 
hardness of a hardened carbon steel is not 
raised by magnetic treatment alone. If the 
magnetizing is done at a temperature of LOO) C., 
a slight increase in hardness occurs, which, 
however, is attributed to the heating action 
alone and not to the magnetic treatment. Like- 
wise, preliminary magnetic treatment had no 
observable influence on the further progress of 


H. J. 


the aging of our steels. 


Senna, Japan G. Herbert has re- 
cently reported several papers that 
when a steel is quenched or hardened by the 
“cloudburst™ method, subsequent rotating in a 


strong magnetic field will further increase its 
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hardness. He also extended his work to non- 
magnetic substances and confirmed the increase 
of hardness, though it is small. These results 
are very novel, but do not agree with our ex- 
perience; hence T have repeated the same ex- 
periments with great caution, and have come to 
a negative result. 

There is always a local variation of hard- 
ness in a quenched steel amounting to several 
per cent; hence for an accurate investigation of 
age hardening of a specimen, it is necessary to 
observe the changes in hardness at the same 


point. Actually this is not possible, because the 


Fig. 1 Uniformity of Hardness in 
Specimen of Quenched Steel Measured 
With Vickers Machine and Pendulum 


Vickers Hardness 
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measured point is more or less damaged. The 
best that can be done is to make allowances for 
the local variation of a quenched steel. as is 
shown in Fig. 1, 

Figures 2 and 3 show age hardening curves 
for a 0.6% carbon steel and duralumin respee- 
tively; the former was quenched from 7900 ©, 
(1150) b.) and the latter from 500°C. (930° F.). 
In these curves the circles with dots in- the 
center show the hardness measured imme- 
diately after magnetic treatment at 100) C. in a 
field strength of 6000 to 7000 gauss. (In other 
words, a given sample was subjected to the 


magnetic field more than once, after it became 
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Fig. 2 Time-Hardness Curves of 
Steel, Quenched, Magnetized, and Aged 
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evident that the hardness was not changing 


measurably.) The figures written along’ the 
broken lines show the time interval passed be- 
tween two neighboring points. The figures at 
the beginning of each curve show the time in- 
terval passed after quenching. 

Examination of these curves indicates that 
the magnetic treatment can have no effective in- 
fluence on the hardness of non-magnetic or 
magnetic substances. There are small fuctu- 


ations in the curves, but their magnitude does 


Fig. 3 — TVTime-Hardness Curves of 
Quenched Duralumin. Curve a was not 
treated magnetically; the others were 
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not exceed 5 to 6'., which is within the expected 
local) variation of hardness. Hardness of 
duralumin increases rapidly for some hours at 
the beginning, as shown in Fig. 3, but this is not 
the effect of magnetic treatment, but is due to 
the well-known age hardening of quenched du- 
ralumin, The increase of hardness in duralumin, 
when quenched but not magnetically treated 
(curve a), is of the same order of magnitude as 
that when magnetically treated after quenching 
(curves b and c). Moreover, no regular change 
of hardness, which can be taken as the effect of 
the magnetic treatment, can be seen in the 
curves in these figures. 


Maruyama 


Mancuester, England It is to be re- 

gretted that Mr. Matuvama, who had ac- 
cess to the two hardness testers, should have 
chosen the Vickers machine rather than the 
Herbert pendulum. The essential difference be- 
tween these two systems is that the pendulum 
measures hardness under load, and takes ac- 
count of both elastic and plastic deformation. 
The Vickers machine measures plastic defor- 
ination only. It has been found capable of re- 
vealing hardness changes produced by suitable 
magnetic treatment, but is incapable of indi- 
cating changes in the elastic properties of 
metals, and there is reason to believe that clas 
tic changes are principally (though not exclu- 
sively) involved during and after) magnetic 
treatment. 

In this, as in other respects, investigators 
should) reproduce the original experimental 
technique when checking the validity of results 
of unusual character. The whole of my mag- 
netic experiments have been made with mag- 
nets having an air gap 3mm. wide, the specimen 
(generally not larger than 15x15x2 mm.) being 
placed in contact with the pole pieces, bridging 
the gap, and being rotated in that position. The 
Strength of field in the gap was from 6000 to 
27,700 gauss. This equipment and technique is 


clearly shown in my article entitled “Hardness 
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Changed by Magnetism” in Merat Progress for 
April, 1982. 

Mr. Matuyvama has rotated his specimen in 
the center of a wide air gap in a field of 6000 to 
7000 gauss. I have made no experiments under 
similar conditions, but I should not expect them 
to succeed. 

It is, of course, granted that metals have 
local variations in hardness, and they should be 
provided for by properly preparing the surfaces 
of specimens, as uniform as possible, and aver- 
aging a suflicient number of readings. This has 
always been done in my experiments, 

Some question has been raised as to the 
damping effect of a magnetized specimen on the 
pendulum swing. It has been my practice to 
eliminate this effect by placing the specimen on 
a heavy iron support (which short circuits the 
external field) and with the direction of polarity 
at right angles to the plane of oscillation (the 
field then has no effect on the rate of swing, 
even if not short circuited). My results are 
therefore in no way influenced by the tield of 
the specimens. 

My hardness measurements are made with 
the pendulum. My results can be and have been 
reproduced by other workers using the pen 
dulum. They have also been reproduced by 
other tests, including the Vickers. Nevertheless 
I can take no responsibility for the disabilities 
of any hardness testers other than those used in 
my experiments, 


Epwanp G. 


Red Hardness of Cutting Alloys 


LONG Istanp Cary, N.Y. Phe articles by 

Messrs. Jeffries and Svkes in the February 
number will be appreciated by all as giving 
fairly complete information on a new type of 
cutting tool alloy. There is, however, one point 
on which the average reader may be misled. 
This concerns the meaning of the term “red 
hardness.” 


Red hardness has been generally accepted 
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as meaning the hardness of a metal or alloy as 
measured while the sample is held at a tempera- 
ture in the red range. It has no definite relation 
to the hardness as measured cold except that the 
hardness hot is usually less than the hardness 
cold. Some experimenters have more recently 
preferred the term “hot hardness,” inasmuch as 
this extends the meaning of the term over all 
ranges of temperatures either within or without 
the red range. 

On page 34 of the February article Mr. 
Sykes refers to Fig. 3, which apparently shows 
the hardness measured while cold on samples 
after they had been heated for various periods 
of time at 600, 700, and 900° C. 


with the statement, “This property of retaining 


He follows this 


hardness at high temperature is known as ‘red 
hardness.” In view of the generally accepted 
meaning of the term, Fig. 3 does not express red 
hardness unless we assure that the hardnesses 
indicated were measured at temperatures cor- 
responding to that of the curves. This was not 
stated, and the inference is that the hardnesses 
were measured after the samples had cooled to 


W. A. WISSLER 


room temperature. 


Tue question raised by Mr. Wissler is un- 

doubtedly most pertinent, and he is correct 
in assuming that all the measurements of hard- 
hess were made at room temperature. 

I agree that the term “red hardness” should 
be applied only to the hardness of a material 
as measured at the elevated temperature. 
While there may be no definite relation between 
the “red” and “cold” hardness of a metal or an 
alloy it appears likely that a high “cold” hard- 
hess which results from precipitation hardening 
at 700°C. would indicate a relatively high “red 
hardness.” 

Such a statement, TL trust, describes more 
accurately the conditions represented by Fig. 3 
of the article in last month’s Merat Progress, 
and T sincerely regret having issued any mis- 


leading information. W. PL Sykes 
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Measuring Hardness at High 


Temperatures 


England —A method for de- 
termining the true hardness of metals at 


high temperatures, which enables the results to 
be expressed as Brinell numbers, has been de- 
veloped by the undersigned, chief metallurgist 
of Darwins Limited, and this may be interest- 
ing to American experimenters. 

The sample to be tested is made into the 
form of a small cone (A on the attached sketch) 
with an included angle of 120°. This rests on 
an anvil and is submitted to a load of 35 kg. for 
a period of ten days. The anvil, cone, and 
plunger are surrounded by a small electric re- 
sistance furnace and can be maintained at any 


desired temperature up to 1150) C, (2100° F.), 


—— 
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Sketch of Furnace and Press for Heating Speci- 
men and Flattening Its Nose Against an Anvil 
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HE most valuable things on earth are 


the commonest things. Gifts of Mother 


Nature — air, rain, sunlight and colors 
in the sky, grass underfoot and foliage over- 
head. Gifts of human nature — love, loyalty, 
handelasps and friendly speech. 

Then, of material things, some of the most 
useful are the commonest and cheapest. 
These we almost take for granted. There is 
no way to reckon their actual worth. 

It is a great tribute to the value of the tele- 
phone that within a few short generations it 
has come to be ranked among these com- 
mon things. Its daily use is a habit of millions 
of people. It speeds and eases and simplifies 
living It extends the range of your own 
personality. It offers you gavety, solace, se- 
curity — a swift messenger in time of need. 

Daily it saves untold expense and waste, 
multiplies earning power, sweeps away 
confusion. Binds together the human 
fabric. Helps the individual man and 
woman to triumph over the complexities 
of a vast world. 

You cannot reckon fully the worth 
of so useful and universal a thing as the 
telephone. You can only know that its 


value may be infinite. 


AMERICAN TELEPHONE 
AND TELEGRAPH COMPANY 
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the temperature being controlled by any of the 
usual commercial mechanisms. The anvil cap 
Bis made from a hard heat resisting metal con- 
taining approximately 60°, nickel, 20°. chro- 
mium, and 7.5°¢ aluminum. Provision is made 
for maintaining an inert atmosphere. 

Under the combined effects of pressure, 
time, and temperature, the apex of the cone 
flattens out and the area of contact between it 
and the anvil face steadily increases. © Equi- 
librium is usually reached in about 100 hr., but 
it is advisable to allow a considerable factor of 
safety, and in our experiments the test is main- 
tained for ten days. The hardness number is 
derived exactly as in the Brinell test; that is, the 
area of the flattened surface on the cone in 
square millimeters is divided into the load in 
kilograms. Above 700°C. (1300) F.) practically 
all metals (with the exception of cemented 
tungsten carbide and a few peculiar alloys 
Which depend for their hardness upon the pres- 
ence of compounds of aluminum with a metal 
of the iron group) appear to have a Brinell 
hardness considerably less than 10. 

In the case of an alloy containing 28‘, 
chromium and 038°. carbon, the Brinell hard- 
ness at SOO (1475) was found to be 1.5. 
The creep stress of that metal at 800°C. is 
approximately 700 Ib. per sq.in. (0.50 kg. per 
sq.mm.). Tf one assumes that the relationship 
between Brinell hardness and ultimate strength 
is the same at all temperatures, one would 
anticipate a Brinell hardness of approximately 
15 at heat, but) previous investigators have 
always found much higher values. 

While at first sight it} may appear in- 
accurate to express the figures obtained with 
this machine as Brinell hardness, experiments 
have shown that if instead of carrying out the 
hardness test as the Brinell method, the test 
piece in the form of a cone with an angle of 
120) is pressed against a hard steel plate, the 
pressure per square millimeter on the flat 
surface thereby formed on the cone is in close 
agreement with the Brinell hardness numeral. 


J. Ferpinanp KAYSER 


Non-Destructive Analysis 


Panis, France — A_ frequent practical! 

problem is to analyze or identify a metal 
without destroying or spoiling it — for example, 
a finished piece which may be made of the 
wrong metal, or a machine part of a foreign, an 
unknown, or a competitive fabrication. 

Chemical analysis usually dissolves a sam- 
ple of metal taken from the piece. Mechanica! 
tests are seldom characteristic, and usually 
cause a lasting deformation even if they are not 
carried to the breaking point. Determination 
of the physical properties (elastic, electric, mag 
netic) is carried on without deterioration of the 
metal, but generally requires a simple test piece 
which must be taken from the piece under in- 
vestigation. These physical and mechanical 
properties are often considerably modified by 
past history and heat treatment, and this intro- 
duces many uncertainties into the result, but 
may be suflicient if it is enough to determine one 
from among a small number of well-defined 
metals and alloys. 

Non-destructive analysis or identification 
therefore narrows down to: (1) Some process 
requiring (or modifying) an extremely smal! 
quantity of matter and leaving a barely per- 
ceptible trace upon the surface, or (2) when the 
piece cannot bear even this, to some procedure 
leaving the surface entirely undamaged. 

Belonging to the first class are all the local 
ized hardness tests (sclerometer, Moh’s scale, 
diamond needle, indentation of very small ball 
or cone under a slight load, scleroscope), corre 
sion tests (etching speed under an acid drop, 
coloring by etching, touchstone), and micro 
graphical examination. In the second class may 
be placed the determination of density (whic! 
may give some information in extreme cases 0! 
the presences of tungsten in steel or magnesiur 
in extra-light alloys), of the elastic properties 
or of surface properties such as the therm: 
electric power —- a discrimination must be mad: 
between the nickel steels and the ordinary stee!> 


having the same hardness — (Cont. on page 0! 
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Two cvele 3000 BHP Diesel used 
in Motorship ~Sawokla of the 
Reos evelt lines (shown below). 
Wid. by Busch-Sulser Bros. Diesel 


Engine Companys, St. Louis, Me 


Loncer LIFE FOR THIS BUSCH-SULZER DIESEL 


Nickel Cast tells why 


@ When Busch-Sulzer Bros. adopted Nickel Cast Iron for eylin- 
ders, heads and liners of their Diesel marine engines, they 
realized that this high-grade material would assure longer engine 
life and lower maintenance costs. @ In marine engines Nickel 


Cast lron resists excessive wear. particularly along cylinder 


bores. Long-wearing Nickel Cast Iron has a pearlitic structure, INN 
aminimum of hard spots and contains finely divided graphite. Nicke 


When used for Diesel engine parts, this modern material 
lessens time out for cverhauling, saves money ordinarily spent 


general means lower 


for repairs and replacements, and in g — 


costs per voyage. @ Let our engineers tell you how Nickel . ad 

ast Iron reduces costs because it “performs better longer.” | © 2.4) N 


THE INTERNATIONAL NICKEL COMPANY. ENC.) CAST 


Miners, refiners and rollers of Nickel. Sole producers of Monel Metal . ate ir) | R O N 
67 Wall Street. New York. 


A BETTER MATERIAL FOR MODERN NEEDS 
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DRIVER-HARRIS COMPANY 
HARRISON, N.J. 


- Morristown N 


D England france 
Chic age ltely 


Cleveland 


Furnace Part- 


Pyrometer ‘Tube- 
Sheet Contatner- 


VMullles 


Enameling Racks 

etc. 

r99 

Nichrome 
re The original heat - resisting alloy 


Carburizing Boxe- 

Retorts 


Minimum 
SHRINKAGE 


The shrinkage on all types of Char 
Carburizers is guaranteed to be not 


‘ O7 
more than 12!o°So0n new compound 


asshipped. On working mixtures the 


shrinkage will run from 3° to 5%, 


depending upon plant conditions. 


CHAR 


CARBURIZERS 


For Economy and Quality Results 


CHAR PRODUCTS COMPANY 


MERCHANTS BANK BLDG. INDIANAPOLIS, IND. 
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(Continued from page 52) and measuring colo; 
ing changes by means of the photo-electric cel! 
in monochromatic light. 

All these tests are but indirect ones and re- 
quire much knowledge about the connection 
chemical! 


between the properties the 


analysis. There are, however, two methods 
whereby some elements in alloys and more par- 
ticularly in steels may be detected directly, both 
in a qualitative and a quantitative way. 

First is the spectroscopy of sparks; compar- 
ing them with the spectra of those elements 
which are sought. 

This has the advantage of showing the pres- 
ence, even in very small quantities, of elements 
which have very little effect upon the mechan- 
ical properties or the micrography of steel. For 
instance, the spectroscope detected the presence 
of aluminum in some mild steel sheets, some re- 
gions of which could not be galvanized in a 
satisfactory way, when the microscope showed 
nothing. 

The second manner of proceeding is by 
electrolytic impression. In this a reactive paper 
and a metallic plate are laid against the piece 
under study. The paper is soaked in a conduc- 
tive solution containing a reagent giving a char- 
acteristic colored precipitate with the element 
which is sought in the metal. Then an electric 
current is imposed, the piece being the anode. 

Presence of nickel is revealed in steel within 
9 to 15 see., using a 6-volt current and a gela- 
tined paper soaked with the following reagent: 
20 cc. common salt solution (20 grams per liter), 
10 cc. sodium acetate solution (20 grams pe! 
liter), LO c.c. tartaric acid solution (20 grams per 
liter), and 10° ce. 


methvl-glvoxime (Q.50% ). 


alcoholic solution of 


The paper is then washed; when the stee! 
contains some nickel a characteristic rose colo! 
ing is obtained, the intensity of which permits 
one to estimate the percentage. It is possible 
that similar methods can be used to give a fair 
approximation of the chromium, cobalt, tung 
sten, and molybdenum in steels. 

ALBERT PorRTEVIS 
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WHEN THIS LAD STEPS OUT HE WILL REMEMBER 


BRAND 


HEATING ELEMENTS 


pangs today — metallurgist tomorrow — and in his training he is learn- 


ing the true value of “Globar” equipped electric furnaces. 
] 


He and other students at The Case School of Applied Science at Cleveland, 


use the Hayes “Globar” Equipped Furnace for a wide variety of heat- 
treating purposes, especially where atmospheric control is an important 


factor. 


| The heat treating of low carbon 


strip stecl— hardening of high 
speed and annealing of cold-rolled 
stainless steels —close control of 
temperature and atmosphere 
uniform heating—the wide range 
of temperatures — all are evidences 
of the perfect functioning of 
“Globar” Heating Elements—and 
Hayes Furnace design. 
Performance always proves the 
logic of electric heating with 


“GLOBAR”” 


Technical Bulletins 


on Request 


GLOBAR CORPORATION Niagara Falls, N.Y. 


\ SUBSIDIARY OF THE ARBORUNDU™M COMPANY 


PACIFIC ABRASIVE SUPPLY CO., SAN FRANCISCO AND LOS ANGELES 
LIAMS AND WILSON, LTD., MONTREAL TORONTO, CANADA BRITISH RESISTOR COMPANY, LTD., MANCHESTER, ENG 
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ASK FOR THESE USEFUL 


PAMPHLETS 


I xtensometer 


\ simple but rugged extensometer 
has been developed by Union Car- 
bide & Carbon Research Laborato- 
ries. \ booklet describes how it 
works and how to use it for deter- 
mining either yield) point or as a 
Strain gauge to show elongation un- 
der specified load. Bulletin Ma-63. 


High Cr Cast Iron 


\ pamphlet deseribing foundry 
production of cast irons containing 


from 15 to 30¢- of chromium has 
been issued by Electro Metallurgical 
Co. These cast rons do not Crow 


or seale after repeated heatings and 
ure excellent for high temperature 
work. Bulletin Ma-16, 


Architectural 18-8 


\ fund of valuable information on 
the architectural application of En- 
duro Stainless steel is contained in 
a brochure of Republic Steel Corp. 
Facts are presented on the fabrica- 
tion, properties, shapes and finishes 
available. Well illustrated.  Bulle- 
tin Ma-217b. 


New Welding Method 


Bundy Tubing Co. offers 16- 
page “picture book” giving the com- 
plete story of the spectacular proc- 
ess of production welding without 
flame or are by their new hydrogen 
electric process. Photomicrographs 
showing structure of welds, proof 
of strength, applications, ete., are 
presented. Bulletin Ma-93. 


Alloys of Aluminum 


Data and tables describing the 
physical properties and chemical 
constituents of the several alloys of 
aluminum are presented in a care- 
fully prepared booklet issued by 
Aluminum Co. of America. An au- 
thoritative discussion of these al- 
loys. Bulletin Fe-54. 


Beryllium Copper 


\ new copper alloy possessing 
excellent physical properties which 
may be greatly improved by heat 
treatment is described in a booklet 
of American Brass’ Co. Adding 
2.20° beryllium to pure copper 
produces the remarkable properties 
described in the booklet. Bulletin 
Ma-89, 


Furnaces and Burners 


Photographs and descriptions of 
practically every type of heating 
furnaces are contained in a folder 
recently put out by Surface Com- 
bustion Corp. to describe its scope 
of activities as manufacturers of 
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standard and special furnaces and 
burners. Bulletin Fe-51. 


Heat Treating Data 


Brief but accurate summaries of 
the proper treatments for anneal- 
ing sheets, wire, welded tanks, mal- 
leable castings and forgings are 
given in a book published by Brown 
Instrument Co. Normalizing, tem- 
pering, hardening and carburizing 
recommendations as well as many 
special treatments are included. 
Bulletin Fe-3. 


Stabilog 


Continuous rather than bateh 
processes are controlled at all times 
by Foxboro Co.’s new Stabilog, in 
which a differential pressure motor 
moves the throttling range of the 
master valve anticipation of 
variations in the rate of change at 


the controlled point. booklet 
thoroughly describes it. Bulletin 


Fe-21. 


Ingots of Quality 


Their new ingot stripper pro- 
duces fine big-end-up ingots at 
lower cost than is now experi- 
enced in producing ordinary ingots 
of indifferent quality, says Gath- 
mann Engineering Co. in a new 
booklet. Operation is economical 
even when the plant runs at only 
10° of capacity. Bulletin Ja-13. 


Turbo Compressors 


A series of three’ bulletins is 
available from Spencer Turbine Co. 
describing their Turbo Compres- 
sors for oil and gas fired equipment 
and foundry cupolas. Sizes range 
from 100 to 2,000 cu. ft., 1 to 300 
h. p., 8 oz. to 5 Ibs. Bulletin Fe-70, 


Furnace Parts 


Various parts for furnaces made 
from alloys manufactured by 
Driver-Harris Co. are pictured and 
described in an interesting publica- 
tion. Complete performance data 
and specifications of Nichrome and 
Chromax heat resisting alloys are 
given in the booklet. Bulletin N-19. 


To Prevent Rust 


The well known rust preventive, 
No-Ox-Id, is now available from 
Dearborn Chemical Co. as a foun- 
dation for paint. It is available in 
the colors red, gray or black. A 
booklet explains how maximum re- 
sistance to corrosion can be ob- 
tained. Bulletin Ju-36. 


Welding Mn Steel 


Metal and Thermit Corp. offers 
a new bulletin describing the Murex 


method of welding manganese stee! 
which utilizes a heavily coated 
chromium-nickel rod for a strong 
ductile joining material and ove; 
lays it with wear-resisting mang 
nese steel containing a little nicke! 
Bulletin Fe-64. 


How to Test Wear 


Tests of lubricants or of wear of 
moving parts may be made accu 
rately with a new machine, mac 
by Timken Roller Bearing Co. A 
bulletin tells how the machine tests 
the load carrying capacity of lu 
bricants and measures the friction 
and wear of materials. Bulletin 
M-71. 


Cut Forging Costs 


An 8-page reprint has been is 
sued by Electric Furnace Co. which 
illustrates various types of auto 
matically controlled continuous, 
semi-continuous and batch type 
forging furnaces and shows the ad 
vantages and savings effected by the 
installation of modern forging fur 
naces. Bulletin Ja-30. 


Allegheny 46 


This alloy has strength at high 
temperature and couples corrosion 
resistance with ease of fabrication. 
Allegheny Steel Co. has issued a 
bulletin covering the chemical and 
physical properties of this low alloy 
heat and corrosion resisting steel 
which has many applications in 
furnace equipment. Bulletin Fe-{2. 


Scleroscopes 


The model D standard recording 
scleroscope is described and illus- 
trated in a recent publication of 
Shore Instrument Co. The theory 
and practice of hardness testing 
with this portable machine as de 
scribed in this bulletin reveal a 
fund of valuable facts. Bulletin 
8-33. 


QO - Alloys 


Authoritative information on a! 
loy castings, especially the chro 
mium-nickel and straight chromium 
alloys manufactured by General Al- 
loys Co. to resist corrosion and 
high temperatures, is contained in 
one of that company’s publications 
Bulletin D-17. 


Cyanides and Salis 


Metallurgists will find valuable 
information in an 80-page book! 
published by R & H Chemical I) 
partment of E. I. du Pont de 
mours Co. Technical informat! 
on the heat treatment of steels wi! 
cyanides and salts is presented 
a lucid manner. Bulletin D-29. 
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Recuperators 


The complete story of recuper- 
rs built by Carborundum Co. for 
dustrial furnaces is told in a read- 
ible booklet. The range of types 
available is described and the op- 
erating conditions are outlined in 
, clear manner. Bulletin F-57. 


Nickel Steel 


International Nickel Co. is pub- 
lishing an illustrated newspaper 
called “Nickel Steel Topics” which 
contains technical, semi-technical 
and news articles dealing with the 
production, treatment and uses of 
nickel alloy steel. Bulletin Ju-45. 


Refractories 


semi-technical booklet pre- 
pared by Norton Co. gives valuable 
information on the manufacturing 
processes and the various industrial 
applications of fused alumina 
(Alundum), silicon carbide (Crys- 
tolon) and fused magnesia refrac- 
tories products. Bulletin J-88. 


Globar Hlements 


Globar electrical heating units 
and a variety of accessories for 
their operation have been cata- 
logued by Globar Corp. A list of 
the standard industrial type heat- 
ing elements and a coordinated list 
of terminal mountings and acces- 
sories is included. Bulletin N-25. 


Liquid Baths 


\ competent discussion of liquid 
baths for heat treating steel at tem- 
peratures from 350 to 1800° F. ap- 
pears in a recent publication of E. 
F. Houghton & Co. valuable 
chapter is devoted to the proper 
design of furnaces for use with 
liquid baths which lists 20 general 
furnace requirements. Bulletin 
la-38. 


litanium in Steel 


An elaborate catalogue prepared 
for technical readers describes the 
use of ferro-carbon titanium in 
steel, Titanium Alloy Manufactur- 
ing Co. prepared it. The applica- 
tion of titanium in steels for forg- 

“4s, castings, rails, sheets and 


plates is thoroughly’ described. 
Bulletin J-90. 


Homo Tempering 


The use of the Homo furnace in 
tempering is described in detail in 
a booklet prepared by Leeds & 
Northrup Co. Photographs and 
data show the range of sizes in the 
line of Homo furnaces. Emphasis 
is laid on the advantages of the 
Homo method of tempering. Bul- 
letin D-46. 


Super Blow pipes 


The advent of natural gas has 
made the replacement of many 
burners imperative. American Gas 
Furnace Co. describes in an illus- 
trated folder blowpipes, ribbon 
burners, cross-fires, hand torches, 
etc., which are suitable for use with 
natural gas, propane and _ butane. 
Bulletin Ja-11. 


New Microscope 


A new low power binocular mi- 
croscope is offered to metal men 
by Carl Zeiss, Inc. A _ booklet to 
describe it has been prepared. The 
new microscope is valuable in ex- 
amining fractures, surfaces, etc., at 
magnifications from 4 to 31 diam- 
eters. Bulletin MIK-464e. 


Heating Units 


An unique and very useful device 
for calculating heating units when 
figuring coiled units, covering wat- 
tages from 275 to 1000, has been 
prepared by Hoskins Mfg. Co. 
Two slotted cards are clamped back 
to back through which various data 


can be read by adjusting a card 
which slides between. Bulletin 
D-24. 


Atmosphere Control 


Furnaces equipped with “Atmos- 
phere Control” as manufactured by 
Hevi Duty Electric Co. are de- 
scribed in a new bulletin. Opera 
tion of the atmosphere control de- 
vice is described and specifications 
are presented. Bulletin Ja-44. 


Darkfield Microscopy 


Comparison is made of darktield 
and brightfield metallographic ex- 
amination in a 16-page publication 
of E. Leitz, Inc. The equipment 
necessary for darkfield microscopy 
is described and prices are given. 
Several sets of micros of the same 
field contrast the two methods of 
illumination. Bulletin Ja-47. 


Fatigue Testing 


That much discussed’ topic 
fatigue testing is covered in a 
publication of Thompson Grinder 
Co. Interesting data on fatigue of 
metals and a description of the ro- 
tating beam type of fatigue testing 
machine are presented. Bulletin 
D-23. 


Cast Vanadium Steel 


Jerome Strauss and George L. 
Norris have written a_ technical 
booklet for Vanadium Corp. of 
America describing the properties 
developed by steel castings con- 
taining various percentages of va- 
nadium. The information given is 
complete and authoritative.  Bulle- 
tin S-27. 
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Please have sent to me the following literature as described in the 
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rhe focusing mechanism is independent of the rigidly sup- = 
ported stage, and ample steadiness is assured at all magnifi- 
cations... Homal lenses provide for a 
maximum flatness of field without 
“aerifice of definition... Metallograph 
with are lamp. 4 apochromatic ob- 
jectives, 6 compensating oculars, 3 


homal lenses—$1,296.50 f.o.b. 


CARL ZEISS INC., 485 FIFTH AVENUE, NEW YORK 
Pacific Coast Branch: 728 South Hill Street, Los Angeles, Calif. 


°CH, 1933 


CARL ZEISS 


With Inverted Microscope 


A copy of descriptive catalog Micro 


will be supplied on request 
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Gas Ca rburizing 


Hk American Gas Furnace Company invented 

and pioneered gas carburizing and some 20 years 
ago introduced it to industry. Since then they have 
been constantly improving and = bringing out new 
equipment for the application of this process. First 
rotary horizontal retort gas carburizing machines . . . 
then vertical non-rotating retort gas carburizing furnaces 

. and now the new Bell-Type-Retort Furnace typify 
this development. They provide flexibility, economy 
and quality and will meet any carburizing require- 


ment as well as many other heat treating needs. 


The Rotary Retort Gas Carburizing Machine will 
give you the maximum in quality at minimum cost 
on any work for which it is adapted. For work 
where the rotary is not suited, Vertical Carburizers 


and Bell -Type - Retort Furnaces are supplied. 


AMERICAN GAS FURNACE 


Oo N 
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ELIZABETH NEW JERSEY 


Albor Die Steel 


SPECIALLY ADAPTED FOR 
STAMPING WHITE GOLD 
AND ALL HARD METALS 


MADE FROM THE PUREST 

GRADES of SWEDISH TRON 

BACKED BY CUMULATIVE 

EXPERIENCE OF ALMOST 
160 YEARS. 


Wm. Jessop & Sons, Ine. 
ESTABLISHED 1774 


BOS TON 
163 High Street 


NEW CHICAGO 
121 Varick Street 1857 Fulton St 


TORONTO, 59 Frederick Street 
AGENCIES AND STOCKS IN ALL PRINCIPAL CITIES 


TEST PRACTICE 


(Continued from page 26) in all parts of the 
cabinet. Pieces under test should be suspended 
or supported in such a manner that the solution 
will not be retained in pockets (unless the posi- 
tion of the part in service is such as to cause re- 
tention in the same pockets) and left until the 
first appearance of corrosion of underlying 
metal. The solution should be changed fre- 
quently to avoid concentration by evaporation 
or contamination. 

(3) Thickness of the coating may be 
measured under a microscope, by micrometer, 
or by strip tests. 

(1) Coatings may also be tested for 
porosily by microscopic examination or by 
means of ferroxyl or similar papers. 

(5) Tri-chlor-acetic acid test indicates 
porosity or insuflicient nickel and tin plates over 
A blue 


color appears upon immersing the part in a 


brass, bronze, or other copper alloys. 


fresh solution of 100 grams tri-chlor-acetic acid, 
700 ¢.c. water, and 400 ¢.c. ammonium hydroxide 
(sp.gr. 0.90). The time required for the blue 
color to appear is the measure of the quality of 
the plating from the standpoint of porosity and 
thinness. 

Distribution of Results — When tests on 
many pieces having the same composition and 
commercial treatment are plotted, the results 
are scattering but tend to conform in degree of 
frequency to what is known in mathematics as 
the “normal exponential distribution law.” 
(This was explained by Dr. Hayes in Mera 
Procress, Sept., 1931.) It is therefore impossible 
to specify too narrow a range on any measured 
property, without making allowance for some 
pieces having extreme values. 

For example, if the Brinell hardness wer 
determined of a shipment of bolts furnished 
under a 50-point range in the specification, 95 
of the pieces might be found within the range; 
5 out of every 100 might be too hard or too sot! 
If, however, a spread of only 40 points we! 
allowed, only 85° might pass, and if only 
points were allowed, only 70% might be foun 


within the specified range. 
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One of the thirty pressure vessels, arc 
welded from Chrome-Vanadium Steel, *«" 
shell,’«” heads. The vessels measure 3 § 
1.D..by8 inshelllength. They were 
rested at 500 Ibs. water pressure and 100 
ibs. air pressure, and operate at working 
pressure of 205 Ibs. 


FERRO - ALLOYS 


of vanadium, silicon. 
chromium and 
titanium; silico- 
manganese, tungstcn 
and molybdenum, 
produced by the 
Vanadium Corpora 
tion of America, are 
used by steel make rs 
in the production of 
high-quality steels. 


The Service 


Was Hazardous... 


So Chrome-Vanadium Steel 
Was The Material Selection 


er of operation in the hazardous 
service was one essential. Minimum 
weight was the second requirement in 
the design and construction of thirty 
pressure vessels for operation at 205 


Ibs. w orking pressure. 


Chrome-Vanadium Stee! was selected 
as the material of construction for the 
thirty pressure vessels because its su- 
perior physical properties permitted 
design and manufacture to meet the 
stringent requirements of safety and 
light weight. 


These thirty pressure vessels have been 
in service for more than a year and a 
half and are reported to “have proved 


entirely satisfactory in every respect”. 


Chrome-Vanadium Steels possess ex- 
cellent mechanical properties at both 


room and moderately elevated tem- 
peratures. They are exceptionally uni- 
form in both large and small masses, 
and adaptable to all fabricating oper- 
ations. Hence, they have been widely 
used in forged pressure vessels and in 
both light and heavy welded units. 


If you design, build or use pressure 
vessels for any service, you will be in- 
terested in the applications and service 
records of Chrome-Vanadium Steels 
in pressure vessel work. Our Metal- 
lurgists will gladly give you complete 
data. Write us today. 


VANADIUM CORPORATION 
OF AMERICA 
New York, N.Y 


120 Broadway 


PITTSBURGH DETROIT 
Brideetille, Pa took uecr 
Plants at Bridgeville, Pa. and Niagara Falls, N.Y 
Research and Development Laboratories at 


Kridgeville. Pa 


Chrome-Vanadium Steels 


For Forged and Welded Pressure Vessels 
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Columbia 


TOOL STEEL 


.. let us buy 


abroad only 


those things 


which we cannot 


produce at home.” 


COLUMBIA TOOL STEEL COMPANY 


MAIN OFFICE ANO WORKS | 
500 E. 14TH STREET. CHICAGO HEIGHTS. ILLINOIS 


Electric 


HYDROGEN 
WELDING 


The Most Talked About Assembly Process 
of 1933... . Automatic Quantity Produc- 
tion Welding Without Flame or Arc! 


Improves strength and appearance and 
reduces cost! The facilities of the Bundy 
Hydrogen-Welding furnace are at your 
command ... Get the whole 
story in our new illustrated 
PICTURE BOOK OF 
HYDROGEN -WELDING 


Sixteen pages of pictures and brief, in 


teresting text. Your copy will be sent 


FREE LCPON REQUEST 


BUNDY 


TUBING COMPANY 
BELLEVUE AVENUE, DETROIT 
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GRADED HARDENING 


(Continued from page 30) 

However, a fact should be emphasized, which 
agrees with what has been found in practice 
that if the piece is held for long periods of 
time at temperatures above the third zone, that 
is to say, above the martensite point, it is not 
sufficiently hard. (Compare the results of 
quenching in lead at 350° C. for 3 min. and for 
10 sec. The same time effect is noted for oil 
quenches at 250° C.) 

This removes the advantage of Dr. Wever's 
proposed system of hardening, because this 
steel, held only a short time, does not reach a 
proper temperature equilibrium, and therefore 
internal stresses are not relieved in large pieces. 
Yet it is precisely with large pieces that the 
danger of cracks is greatest! 

Hardening in oil emulsions or in hot, sat- 
urated sodium chloride solutions at tempera- 
tures up to 90° C. gives good results, and is easily 
done in practice. Table II] also shows the limit- 
ing conditions under which a ®¢-in. disk can be 
quenched in order to attain glass hardness. 
Fractures for pieces hardened according to the 
first six lines in Table III are shown at the left 
of the halftone on page 30. 

According to a letter from Dr. Schottky, Dr. 
Wever'’s propositions have been studied in the 
Krupp laboratory, and the range of austenite 
stability for alloy steels was confirmed. How- 
ever, a region of austenite stability for straight 
carbon steel was not located. This agrees with 
the above-mentioned experience in other hard- 
ening departments. 

It can be proved that graded hardening 
gives a uniform hardness throughout the piece, 
but, of course, the hardness of tools made of low 
alloy steel is often too low, for it is usually 
necessary to keep above file hardness, that is, 
above Rockwell C-62. 


anticipated that the most use of Dr. Wevers 


However, it is to be 


findings can be made by users of low alloy steels 
for machines and engineering purposes, for the 
desired hardness and strength for many appli- 
cations can easily be secured by a_ graded 


quench and draw. 
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